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ABSTRACT
First year biomass production following application of various size strip thinning treatments in a
young hardwood stand in West Virginia.
Ashlee Martin

Strip thinning can reduce stand density to promote better growth of residual trees and has
potential to create a woody bioenergy feedstock in addition to enhancing and maintaining early
successional habitat for wildlife. However, little research has been conducted on strip thinning
within young hardwood stands to determine if these are viable attributes of strip thinning. The
goal of this study was to assess the first year biomass production after strip thinning among three
different cut strip widths (8 ft, 12 ft, and 16 ft) in a 22-year-old mixed mesophytic hardwood
stand. Woody biomass production from stump sprouts and true seedlings was measured at the
end of the growing season and herbaceous vegetation biomass was monitored monthly from May
through September to account for seasonal transitions. Species composition and species richness
was also assessed among vegetation. Results indicated the width of the strip thinning
significantly affected the amount of biomass produced from stump sprouts (p = 0.0416) and
influenced the species composition among the different cut strip widths. Shade intolerant species
(black cherry, yellow-poplar, and black locust) accounted for more of the biomass production
within the wider cut strip widths, while shade tolerant and shade intermediate species (red maple
and northern red oak) were more prominent within the 8 ft cut strips. Cut strip width did not
have a significant effect on the true seedling reproduction (p = 0.1173). The herbaceous
vegetation was also significantly greater within the 16 ft cut strips than in the control plots (p =
0.0464). Seasonal transitions in herbaceous vegetation was seen but the amount of biomass
produced was not significantly different throughout the growing season. Presence of browse was
also prominent among stump sprouts, providing evidence that strip thinning provides benefits for
wildlife.
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INTRODUCTION
A large portion of the forests in West Virginia are approaching financial maturity (FIA
2013). However, compared to the western United States where large-scale harvesting operations
remove large tracts of forest stands, harvesting practices in the eastern United States are smallscale (O’Hara 2004). Harvesting practices in the east rely on small clearcuts (typically less than
50 ac) and partial harvests such as shelterwood cuts (O’Hara 2004). Therefore, even though a
large proportion of the forests in West Virginia are approaching financial maturity, it is unlikely
that large-scale harvesting will occur. As a result, the amount of early successional habitat is
lacking on the landscape. Early successional habitat is important for many wildlife species,
including many species of songbirds and game species (Greenberg et al. 2011a). Once the
mature forests are harvested, there will be an increase in early successional habitat, but early
successional habitat only lasts approximately 10 years after a harvest or disturbance until the
stand transitions into the stem exclusion stage (Greenberg et al. 2011a). Strip thinning within
recently harvested young hardwood stands could help maintain the early successional habitat to
promote habitat diversity while increasing the availability of resources to the residual trees in the
stand (Cain 1993).
After a disturbance, vegetation regenerates as part of the stand initiation stage to
reoccupy the growing space within the stand (Nyland 2002). The stand initiation stage
transitions into the stem exclusion stage once all of the growing space is occupied (Nyland
2002). Forest stands in the stem exclusion stage have complete crown closure and minimal
unused resources available leading to competition and death of less resilient trees (Elliott et al.
1997). Strip thinning stands in the stem exclusion stage would reduce competition and allow
more resources to become available to the residual trees. Strip thinning removes continuous
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strips of trees across the stand while leaving strips of residual trees in between each harvested
strip. Because this thinning system would not be considered a traditional commercial thinning in
natural hardwood stands, it is important not only to look at the long-term benefits strip thinning
provides to the residual stand, but also other benefits that could be provided by the cut strips,
such as providing for biomass harvesting of small diameter material and enhancing wildlife
habitat.
There is much interest in conversion of woody cellulosic feedstock into bioenergy and
biofuels. Some research has been conducted to assess the feasibility of harvesting short rotation
woody crops for conversion into electricity and ethanol (Gonzalez-Garcia et al. 2012; Heller et
al. 2003; Rafaschieri et al. 1999). The concept of converting woody biomass into energy has
been around for a long time (Seguin 2011). However, research is starting to focus on improving
and developing economically feasible technologies for conversion of woody biomass into second
generation biofuels such as ethanol (Seguin 2011; Gonzalez-Garcia et al 2012). GonzalezGarcia et al. (2012) assessed the environmental impacts of converting fast growing black locust
(Robinia pseudoacacia L.), eucalyptus (Eucalyptus globulus Labill.), and Populus spp. into
ethanol. This leads to the interest in assessing the potential biomass production within natural
young hardwood stands for conversion into biofuel and bioenergy.
Strip thinning also has the ability to create food resources and habitat diversity that is
essential for wildlife since food resources are limited in small diameter stands. Diversity within
early successional habitat is essential for many species of wildlife (Litvaitis 2001; Greenberg et
al. 2011a). Following strip thinning, abundant regeneration of herbaceous vegetation, stump
sprouts and seedlings is expected within the cut strips (Gilliam et al. 1995; Elliott et al. 1997;
Jenkins and Parker 2000). The strips of young hardwoods harvested during strip thinning could
2

provide important early successional habitat and food resources for wildlife that otherwise would
not be available in these young stands in the stem exclusion stage, assuming cut strips provide
enough resources (i.e., light) to sustain the development and maintenance of understory
vegetation.
Little research has been conducted on the application of strip thinning in young hardwood
stands. Assessment of the biomass production within the cut strips following strip thinning is
essential to provide insight into the potential strip thinning has to create woody bioenergy
feedstocks as well as to enhance habitat for wildlife. Therefore, the purpose of this study was to
assess the first year biomass production and species composition in three different cut strip
widths (8 ft, 12 ft, and 16 ft) of a coppice strip thinning study in a young hardwood stand. The
biomass produced from stump sprouts was assessed to determine if the width of the cut strip had
an impact on woody biomass production. Seedlings were assessed to determine if the width of
the cut strip influenced new regeneration. Herbaceous vegetation was also monitored throughout
the growing season to account for seasonal transitions among species.
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LITERATURE REVIEW

Strip thinning
Thinning of a forest stand can be defined as the purposeful reduction in stand density
with the ultimate goal of improving the health, quality, and growth of the residual stand
(Puettmann et al. 2008). Strip thinning has the possibility of being a cost-effective, efficient
method to reduce stem density in young hardwood stands. Strip thinning leaves narrow strips of
residual trees in between continuous strips of harvested trees. Coppice thinning refers to the
thinning of regeneration derived from stump sprouting (Touchan 1991). Further research is
needed to determine if coppice strip thinning could be a sustainable forest management system
that applies repeated coppice thinnings within strips of young hardwood stands every three to
five years to produce harvestable biomass (Heller et al. 2003; Caputo 2014).
Studies conducted on the effects on strip thinning within hardwood stands are rare,
especially within central Appalachian hardwood stands. The conditions produced from strip
thinning would be similar to strip clearcutting, even though strip clearcutting may be larger in
size (Nyland 2002). The manipulation of light conditions and the influence of the edge on
regenerating vegetation would be similar between strip thinning and strip clearcutting due to the
similar shape of the harvested area (Rummer et al. 1997; Nyland 2002). The regeneration of
biomass after strip thinning could also be comparable to regeneration after small patch sized
cuts. Several studies have been conducted on small patch sized cuts within stands in the
Appalachian region ranging in size from 50 ft in diameter to 4.9 ac (Smith 1981; Phillips and
Shure 1990; Shure et al. 2006). Shure et al. (2006) conducted a study that examined the biomass
accumulation in patch cuts ranging in size from 0.04 ac to 4.9 ac within southern Appalachian
forests and found that total standing crop biomass increased as the size of the patch cut
4

increased. The size of the gap opening created by the cut and the height of the surrounding trees
can impact the availability of light and therefore has the ability to influence the composition and
growth of the regeneration (Prevost and Raymond 2012). Since Shure et al. (2006) found that
the amount of vegetation regeneration is closely correlated to the size of the disturbance, there is
a high probability that the smaller width cut strips will not produce or maintain proportionally as
much biomass as the larger cut strips.
Economic Advantages
Although little research has been conducted on strip thinning in young hardwoods,
research has been conducted on precommercial strip thinning within young loblolly pine (Pinus
taeda L.) and shortleaf pine (Pinus echinata [Mill.] B.S.P.) forests that demonstrate the increased
growth of the residual trees (Cain 1993; Cain 1996; Cain and Shelton 2003). Cain and Shelton
(2003) found that precommercial strip thinning using 12 ft wide cut strips in loblolly-shortleaf
pine stands resulted in >1 inch average diameter at breast height (dbh) of residual trees compared
to commercially thinned and unthinned stands after 19 years. The precommercial thinning also
resulted in greater volume and wider crowns of residual trees than on trees in the commercially
thinned and unthinned stands after 19 years (Cain and Shelton 2003). Burns and Puettmann
(1996) evaluated the effect of different cut strip widths on growth of the residual trees within a
young black spruce (Picea mariana Mill.) stand and also found that thinned stands increased the
growth of residual trees more than unthinned stands. However, Burns and Puettmann (1996) did
not find a significant difference in the diameter growth of residual trees within the different
width cut strips. They concluded the width of the residual strip may influence diameter growth
more than the width of the cut strips, but the study was deemed too young to concretely evaluate
the efficiency of strip thinning in young black spruce forests (Burns and Puettmann 1996).
5

The repeated harvest of biomass within the cut strips of a coppice strip thinning system
has potential to be converted into biofuel and bioenergy, but additional research would be needed
to assess the sustainability and feasibility of coppice thinning within natural hardwood stands.
Studies have been conducted on the feasibility of using several species of fast growing planted
hardwoods, including willow, poplar, black locust, and eucalyptus, for conversion into electricity
and bioenergy (Caputo 2014; Gonzalez-Garcia et al. 2012; Heller et al. 2003; Rafaschieri et al.
1999). Heller et al. (2003) concluded coppice willow systems have the potential to be
sustainably converted into energy. Research on converting harvested biomass into biofuels such
as ethanol is in a preliminary stage, but cellulosic feedstocks could be a source of biofuel if
improvements to the system are discovered (Gonzalez-Garcia et al. 2012). Specific ratios of the
conversion of biomass to bioenergy and biofuel have been calculated. It has been estimated that
between 50-80 gallons of ethanol can be produced from one ton of dry woody biomass (Zerbe
1991; Wu et al. 2010). However, due to the high variability of site conditions, methodology and
other key parameters, the results have varied on the rate of bioenergy conversion (Caputo 2014).
Further research on the sustainability and feasibility of coppice strip thinning within natural
hardwood stands would need to assess not only the biomass production within the cut strips, but
also the impact of residual trees on the development of the biomass within the cut strips. As the
crowns of the residual trees expand, growth of the biomass within the cut strips may decrease
overtime. As estimates of biomass production within strip thinning are determined overtime, the
feasibility and sustainability of the biomass production within the cut strip would be better
understood.

6

Ecological Advantages
In addition to the possible advantage of strip thinning resulting in increased growth of the
residual trees, strip thinning could impose other advantages to the residual trees. Strip thinning
has the potential to lower the risk to residual trees from disease and insects by reducing the stand
density and improving the health and vigor of the residual trees (Cain 1993; Nebeker et al. 1986).
Thinning also reduces the natural mortality within a stand by opening up limited resources and
reducing the need for self-thinning to occur (Franklin et al. 2009).
Another consideration for strip thinning in young hardwoods is the potential to create
early successional habitat within the cut strips. At a landscape level, most of the forest stands
within West Virginia are approaching financial and biological maturity. As of 2013, 67% of
West Virginia forests are at least 60 years old (Figure 1) (FIA 2013). As a result, West Virginia
lacks a significant amount of early successional habitat within the forests. At one point, early
successional habitat was estimated to account for 8% of the timberland in the Northeast
(Dessecker and McAuley 2001), but early successional habitat has continued to decline on the
landscape (Warburton et al. 2011). Many wildlife managers recommend that at least 8-12% of
the forests are less than 10 years old to maintain an adequate amount of early successional
habitat (Warburton et al. 2011).
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Figure 1. Percentage of West Virginia forests by stand-age class in 2013.

Early successional habitat can be defined by the dominance of annual and perennial
herbs, shrubs, and young trees (Swanson et al. 2011). Early successional habitat is vital because
it helps maintain biodiversity of plants and wildlife within a community. Early successional
habitat maintains the diversity of disturbance-dependent plant species, influences the availability
of food resources for wildlife, and contributes to ecosystem processes (Greenberg et al. 2011a).
Early successional habitat contributes to the nitrogen pool, helps to stabilize decomposition
processes, and increases the amount of soil organic matter (Keyser 2011; Swanson et al. 2011).
These benefits are not present within young hardwood stands in the stem exclusion phase.
Early successional habitat is essential in maintaining the biodiversity of wildlife species.
Strip thinning could help sustain more of this early successional habitat to promote habitat
diversity. The lack of early successional habitat across the landscape is linked to the decline of
wildlife species that rely on this habitat (Litvaitis 2001). Ruffed grouse (Bonasa umbellus) and
8

American woodcock (Scolopax minor) rely heavily on early successional habitat throughout the
year and their populations are declining as long as suitable early successional habitat remains
isolated and continues to decline (Dessecker and McAuley 2001). Early successional habitat is
also essential for many other species of birds, including eastern bluebirds (Sialia sialis), cedar
waxwings (Bombycilla cedrorum), and tree swallows (Tachycineta bicolor) (DeGraaf and
Yamasaki 2003). Askins (2001) reported the size of early successional habitat can influence
which species of wildlife will benefit; some species are successful in small patches of early
successional habitat while other species are more successful in larger patches. Early
successional habitat provides food for many species of wildlife by promoting the growth of a
variety of fruiting plants (i.e., blackberry and raspberry species [Rubus spp.] and pokeberry
[Phytolacca Americana L.]), foliage, flowers, and woody browse through tender shoots
(Greenberg et al. 2011b). The surplus of vegetation benefits snakes, birds, and predators by
attracting arthropods and small mammals (Greenberg et al. 2011b). The edge habitat that strip
thinning could produce within the cut strips would provide hunting and wildlife viewing value by
attracting larger populations of game species like white-tailed deer (Odocoileus virginianus),
eastern cottontail rabbits (Sylvilagus floridanus), and ruffed grouse (Rose and Chapman 2003).
Woody Vegetation
Most of the woody biomass production within cut strips of this thinning system will be
from the growth of sprouts and suckers (Elliott et al. 1997). Because of this, the species
composition of the existing stand will have a major impact on the woody species composition of
the new vegetation within the harvested strips (Keyser and Zarnoch 2014). Stump sprouts
originate from the dormant buds at the base of the stumps that are still connected to the tree’s
pith (Atwood et al. 2009). A hormonal feedback mechanism from the dominant apical meristem
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keeps the buds dormant until the tree is harvested (Atwood et al. 2009). Once the tree is
harvested, stump sprouts have the ability to exhibit rapid growth due to the pre-developed root
system (Keyser and Loftis 2015), which offers stored carbohydrates and more surface area for
nutrient uptake (Atwood et al. 2009).
The probability of sprouting is influenced by many factors including the size of the parent
tree (Atwood et al. 2009; Sands and Abrams 2009), age (Keyser and Loftis 2015), and species
(Wendel 1975; Dietze and Clark 2008; Sands and Abrams 2009). The probability of sprouting
has been shown to decrease with increasing age and dbh of parent trees for many species, such as
northern red oak (Quercus rubra L.), white oak Quercus alba L.), and red maple (Acer rubrum
L.) (Sands and Abrams 2009; Keyser and Loftis 2015). Keyser and Loftis (2015) used stump
diameter to predict first year probability of sprouting after a shelterwood harvest. Sprout
probability was inversely related to the initial tree dbh for white oak, black oak (Quercus
velutina Lam.), scarlet oak (Quercus coccinea Münchh.), northern red oak, black birch (Betula
lenta L.), yellow buckeye (Aesculus flava Aiton), and red maple (Keyser and Loftis 2015).
Gould et al. (2007) conducted a similar study on common oak species within the central
Appalachian forests to create models to predict the sprout stocking from the initial tree species
and diameter. Since this study was focused on the application of strip thinning within young
hardwood stands, the probability of sprouting should be higher than if stripping thinning was
applied to an older stand.
Some species have a greater sprouting potential than others. Keyser and Zarnoch (2014)
found a high probability of sprouting for sourwood (Oxydendrum arboretum [L.] DC., 98%), red
maple (95%), yellow-poplar (Liriodendron tulipifera L., 91%), chestnut oak (Quercus prinus L.,
86%), and black birch (73%). Atwood et al. (2009) also found chestnut oak (77%), and northern
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red oak (60%) to have a high probability of sprouting within clearcuts and red maple (67%) to
have a high probability of sprouting in leave-tree harvests in oak dominated Appalachian
hardwood stands in Virginia and West Virginia. Black cherry (Prunus serotina Ehrh.) is also
considered a prolific sprouter (Wendel 1975). The probability of sprouting tends to be lower for
other species such as white oak and hickory species (Carya spp.) (Gould et al. 2007; Atwood et
al. 2009).
The size and intensity of the harvest can also influence the sprouting potential based on
the species and specific stand conditions. Within small harvests, the production of sprouts can
be slow or absent if the availability of light is too low (Shure et al. 2006). During partial
harvests, Atwood et al. (2009) found a decrease in the sprouting potential of oak species which
he attributed to the lower light levels and an increase in sprouting potential of red maple, yellowpoplar, black cherry, and shade tolerant midstory species (i.e., American beech [Fagus
grandifolia Ehrh.] and striped maple [Acer pensylvanicum L.]).
In addition to stump sprouts, early successional seedlings could also contribute to
subsequent biomass production in cut strips. Elliott el al. (1997) found that seedlings were
present within the first year after clearcutting a southern Appalachian forest in North Carolina;
however, there was a high mortality rate of the seedlings due to the microclimate conditions and
dominating stump sprouts. Following small patch cuts less than 4.9 ac in size, Shure et al.
(2006) also saw an increase in seedlings, which later dropped off due to competition from
sprouts and other vegetation.
The growth of other vegetation can influence the regeneration success from both stump
sprouts and seedlings after a harvest. Competition from the herbaceous layer, especially ferns or
other tall, dense species, can influence woody species composition (Gilliam 2007). Grapevines
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(Vitis spp.) have the potential to damage saplings by deforming tops, limiting growth and
breaking branches, especially following ice and snow storms (Smith 1981). When studying
regeneration in various sized, small patch clearcuts in the Appalachian forests of West Virginia,
Smith (1981) found that grapevines were more prominent on the larger sized patch cuts.
Importance of young woody vegetation to wildlife
Young woody vegetation produced in cut strips after strip thinning can provide a variety
of benefits to wildlife. Some species of wildlife need young saplings and woody shrub
dominated thickets for cover, protection and food (Askins 2001). Young woody vegetation
provides important nesting habitat for American woodcock (Dessecker and McAuley 2001).
Lagomorphs are known to occupy early successional habitat for the dense cover provided by
woody vegetation; bark from young saplings can also be an important food source during winter
for lagomorphs (Litvaitis 2001). Ruffed grouse thrive in very young clearcuts due to the cover
from predators provided by young sapling trees (Dessecker and McAuley 2001). Predator
species such as bobcats (Lynx rufus) rely on the prey species that take cover in the young woody
vegetation (Litvaitis 2001). Many species of songbirds can use the young woody vegetation in
early successional habitat for nesting habitat, cover, and food sources (i.e., fruits, nectar,
herbivorous insects) (Swanson et al. 2011).
Stump sprouts and seedlings regenerated from strip thinnings would provide young
succulent sprouts for white-tailed deer to browse. Many studies have been done to classify the
palatability of the woody vegetation for deer. Johnson et al. (1995) determined the most
common woody species browsed during spring and summer were red maple, yellow-poplar,
sourwood, and oak species, and during fall and winter rhododendron (Rhododendron maximum
L.) and mountain laurel (Kalmia latifolia L.) were the most common. Another study conducted
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by Wakeland and Swihart (2009), rated the palatability of 22 species of trees and 13 species of
shrubs. They found that oak species, specifically northern red oak, and black chokeberry
(Aronia melanocarpa [Michx.] Elliott), were of high preference while sugar maple (Acer
saccharum Marshall), yellow-poplar, and black walnut (Juglans nigra L.) were of moderate
preference. American sycamore (Platanus occidentalis L.) and pawpaw (Asimina triloba [L.]
Dunal) went almost untouched by the deer (Wakeland and Swihart 2009).
Herbaceous Vegetation
Due to the canopy opening up, the first year biomass production in cut strips after strip
thinning will also include herbaceous vegetation (Gilliam et al. 1995; Belote et al. 2012; Roberts
and Gilliam 2014). Ephemeral flowering plants, herbaceous perennial plants, and small shrubs
are primarily responsible for forming the herbaceous layer of a forest (de Graaf 2003). Spring
ephemerals are shade intolerant species that leaf out in early spring and dieback in early summer
(Gilliam 2014). Summer ephemerals, or summer-greens, arrive later in spring once temperatures
have increased and retain their leaves throughout summer (Gilliam 2014).
The herbaceous layer can contain up to 90% of the species diversity within a stand, even
when at times, it only contains a small portion of the overall biomass (Elliott et al. 2015; Gilliam
2007). The high species diversity is a consequence of the temporal changes in the structure and
composition of the herbaceous layer throughout the growing season. In late spring when spring
and summer ephemeral herbaceous species coexist, the species richness is greatest (Ristau et al.
2001). Seasonal transitions can lead to variability in diversity with high diversity in early
summer declining as fall approaches (Yorks and Dabydeen 1999).
Many other factors can influence the diversity of the herbaceous layer. The microsite
conditions of the stand including the aspect and slope can influence the diversity of the
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herbaceous layer even throughout a continuous stand (Small and McCarthy 2003). Small and
McCarthy (2003) found that the herbaceous species diversity varied between north and southfacing slopes with greater species diversity on south-facing plots and greater species abundance
on north-facing plots. The diversity and species distribution within a stand is also attributed to
the soil pH, soil depth, soil cation concentration, and nitrogen availability (McEwan and Muller
2011). Additionally, soil fertility, drainage and microtopography can influence the distribution
of the herbaceous layer (Rogers 1982).
The herbaceous layer is responsible for contributing to ecosystem functions. The
herbaceous plants within the forest are responsible for contributing to the nutrient cycle and
energy flow within the ecosystem (Gilliam 2007; de Graaf 2003). Spring ephemerals uptake key
nutrients from the soil that otherwise would be lost in streams and groundwater from snowmelt,
heavy spring rains, and low transpiration levels of trees without their leaves (Peterson and Rolfe
1982). At the end of their growing season, some of the nutrients are translocated to belowground
storage while most of the nutrients are returned to the soil by decomposition for uptake by the
woody vegetation (Peterson and Rolfe 1982). The herbaceous layer contributes a relatively large
portion of foliar litter considering it represents a small portion of the total biomass (Gilliam
2014). The herbaceous layer can be an important indicator of soil fertility and site quality
(Gilliam 2014).
Herbaceous vegetation after harvesting
Forest disturbances, including strip thinning, can influence the regeneration of the
herbaceous layer due to changes in the availability of water, nutrients, and light (Gilliam et al.
1995). The diversity of the plant community that develops into early successional habitat can be
influenced by the type of disturbance and the conditions of the previous stand (Swanson et al.
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2011). The diversity of the herbaceous community can increase after a harvest until the available
light is limited from the closure of the tree canopy (Yorks and Dabydeen 1999). Shure et al.
(2006) found that the herbaceous understory shifted to more shade-intolerant herbs, vines, and
shrubs after harvesting small patch-sized clearcuts of less than 4.9 ac in upland, mixed
mesophytic stands in North Carolina. Belote et al. (2012) also found that timber harvesting in
Appalachian oak forests changed the species composition of the herbaceous layer which resulted
in a temporary increase in diversity. Elliott et al. (1997) found that the diversity of the
herbaceous layer increased within the first three years following a clearcutting in southern
Appalachian hardwoods and then declined due to the stand’s transition into the stem exclusion
stage. Other studies have suggested that the increase in species of herbaceous vegetation shortly
after a disturbance is in part correlated with the arrival of exotic species (Jenkins and Parker
2000; Shields and Webster 2007). However, other studies found no significant long-term
changes in the herbaceous layer after harvests in central Appalachian hardwood forests (Gilliam
et al. 1995; Gilliam 2002) and mesic bottomland forests (Jenkins and Parker 2000).
The intensity of harvest can play a significant role in the development of the herbaceous
layer (Jenkins and Parker 2000; Gilliam 2014). Jenkins and Parker (2000) studied the difference
in herbaceous species diversity between agricultural fields, clearcuts, group selection cuttings,
and single tree selection cuttings and found that the greatest species richness coincided with
more frequent and intense disturbances in the fields, clearcuts, and group selection cuttings.
Belote et al. (2012) concluded that the species composition shifted more drastically with more
intensive harvesting practices such as clearcutting. Similarly, Fredericksen et al. (1999) found
that the species composition shifted to more shade intolerant species shortly after highly
intensive harvesting practices.
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The specific site conditions can impact the development of the herbaceous layer after
harvesting. Variability among herbaceous response after harvest is dependent partially on the
specific site conditions (Roberts and Gilliam 2014). A stand’s historical disturbance can also
contribute to how the herbaceous layer will respond to the current harvest (Jenkins and Parker
2000). For example, the herbaceous layer of forest stands with a history of prior agricultural use
have responded differently to harvest due to differences in the land as a result of the agricultural
practices (Jenkins and Parker 2000).
Importance of herbaceous vegetation to wildlife
The herbaceous vegetation produced within the cut strips can provide food and other
resources to wildlife. Strip thinning in young loblolly and shortleaf pine stands has been shown
to promote growth of herbaceous vegetation for wildlife (Cain 1993). Black bears (Ursus
americanus) are known to feed heavily on forbs and berries that are part of the herbaceous layer
(Askins 2001). Ring-necked pheasants (Phasianus colchicus) take advantage of thick grasses in
the spring for nesting habitat (McGuire and Rupp 2013). Several species of songbirds and small
mammals also require grasses as part of their habitat niche (McGuire and Rupp 2013).
Broomsedge (Andropogon virginicus L.), grasses and blackberries are important food resources
for rabbits, wild turkeys (Meleagris gallopavo), and northern bobwhite quail (Colinus
virginianus) as well as nesting sites for quail, turkeys, and many species of songbirds (Yarrow
2009). Quail also favor legumes and forbs that can generate after a disturbance (Yarrow 2009).
Herbaceous vegetation is an important part of a deer’s diet from spring through early fall.
Squawroot (Conopholis Americana [L.] Wallr.) was found to be preferred by deer mostly in
spring through late summer (Johnson et al. 1995). According to Miller et al. (2009), pokeberry
was readily available during the summer after a timber harvest and highly preferred by deer.
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Russel et al. (2001) found that high deer densities have the ability to negatively influence the
growth of wood-nettles (Laportea Canadensis [L.] Weddell) and Trillium species in the spring.
Deer also intensely browse Rubus species which can lead to an increase in less palatable species
of ferns and grasses (Russel et al. 2001). Deer have the capability of influencing the
regenerating vegetation when browsing occurs frequently and is concentrated among a few
palatable species (Campbell et al. 2006). Therefore, heavy browse from deer has the potential to
influence the expected biomass production within the cut strips of strip thinnings.
Effects of browsing on regenerating vegetation
A factor for consideration when trying to assess biomass production within a system is
the effect of browsing on the regenerating vegetation. Deer are capable of altering the structure
and species composition of woody and herbaceous regeneration (Kraft et al. 2004; Forrester et al.
2014; Waller 2014). The growth and quality of seedlings can be reduced with enough browsing
pressure (Kraft et al. 2004). Once the terminal leader is browsed sufficiently, seedlings can lose
their apical dominance, causing a straight tree to become branched and flat topped, decreasing
the quality and value of the tree (Cote el al. 2004). Repeated browsing of leaves, flowers, and
fruits of herbaceous plants can result in decreased flowering and fruiting and size of the plant the
following year (Kraft et al. 2004). Some plants are able to recover from browse while others,
such as long-lived understory herbs that take many years to reproduce may have a hard time
recovering from heavy browse (Kraft et al. 2004; Waller 2014).
Plants can possess chemical and physical defenses to become less susceptible to browsing
and response to browsing can vary based on species (Waller 2014). Some species have toxins or
low nutritional value to discourage browsing, while other species have the ability to regrow
quickly (Waller 2014). Following browse, herbaceous plants with spines and thorns tend to
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produce higher densities and thicker spines to discourage browsing (Cote et al. 2004).
Compensatory growth and increasing the photosynthetic rate are other mechanisms a plant can
develop to overcome browsing (Prendeville et al. 2015).
With enough browsing pressure, deer have the ability to shift regeneration usually to less
desirable species (Rooney and Waller 2003; Campbell et al. 2006). Heavy browsing can
decrease the height and density of desirable tree species (Rooney and Waller 2003). Campbell et
al. (2006) concluded that deer browse preferred sassafras (Sassafras albidum [Nutt.] Nees),
American basswood (Tilia americana L.), yellow birch (Betula alleghaniensis Britton), and
chestnut oak within clearcuts in Allegheny-northern hardwood forests in West Virginia. This is
correlated to the high preference deer exhibit for red maple and chestnut oak (Johnson et al.
1995; Wakeland and Swihart 2009). The bark, twigs, and leaves of sassafras are also generally
preferred by deer throughout the year (Hamilton, Jr. 1974). Oak species are more susceptible to
effects of browse, especially when less abundant (Miller et al. 2009). Cote et al. (2004)
concluded slow growing, shade tolerant species tend to be effected more by browsing since
compensatory growth can be slow (Waller 2014).
Browse can also influence the composition and structure of the herbaceous layer (Rooney
and Waller 2003). Heavy browsing of the herbaceous vegetation by deer can lead to an area
dominated by ferns, especially hay-scented fern (Dennstaedtia punctilobula [Michx.] T. Moore)
(Cretaz and Kelty 2002; Kraft et al. 2004). Most species of ferns are unpalatable to deer
(Rooney and Waller 2003). Cretaz and Kelty (2002) found that with 15 or more consecutive
years of heavy deer browse after a substantial overstory harvest, hay-scented fern spread
throughout the understory dense enough to prevent the growth of seedlings. Invasions of hayscented fern impact regeneration by limiting the light, water, and nutrients available to
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suppressed seedlings (Fei et al. 2010). Even after deer browsing is significantly reduced, hayscented ferns are capable of suppressing seedlings growth, altering species composition, and
affecting stem density for at least three years (Cretaz and Kelty 2002).
In order to alleviate the effect of browsing in areas of high deer density, numerous
strategies have been employed with varying success. Deer enclosures can be constructed around
the harvested area, but the cost is very expensive and time consuming. Miller et al. (2009)
proposed harvesting a larger area at one time to overwhelm deer with the availability of
regeneration. If deer browse is undesirable or detrimental to biomass production in cut strips
after strip thinning, management strategies may be needed to offset the effects of browse.
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METHODS
Study Area
The study area is located on the 7,600 acre West Virginia University Research Forest
(WVURF), which is located approximately ten miles northeast of Morgantown, West Virginia
within the Cheat River watershed. The forests on the WVUFR are considered Appalachian
mixed-hardwoods (Fajvan et al. 2002). The elevation of the WVURF ranges from
approximately 955 to 2,612 feet (291 – 796 m). The mean annual precipitation within the study
area ranges from 39 to 48 inches (99 – 122 cm) and the mean annual air temperature ranges from
51 to 55 °F (10.5 - 13ᵒ C) (Soil Survey Staff 2015). The study area has a frost-free period of 138
to 163 days, which ranges from April through October (Soil Survey Staff 2015). The most
common soil types within the study area are Dekalb very stony loam, 3 to 15 percent slope and
Dekalb very stony loam, 15 to 35 percent slope, which is defined as well-drained, channery loam
derived from sandstone parent material (Soil Survey Staff 2015). The site index is 70-75 for
northern red oak for the study area (Soil Survey Staff 2015). Through spotlight surveys
conducted in 2010, the white-tailed deer population was estimated at 24.9 deer per square mile
on Cooper’s Rock State Forest, which is part of the WVURF (M. Peters, WVDNR, pers.
communication, November 2015).
The study area was originally part of a shelterwood harvest that occurred on a section of
the WVURF during the fall of 1993 (Deluca et al. 2009). During this time, a shelterwood cut
with approximately one-half of the overstory basal area removed in trees over ten inches in dbh
was applied to a ten acre section of the study area (Fajvan et al. 2002). The overstory was
removed from the stand in 2003. Prior to the shelterwood harvest, the study area was part of a
75 year-old even-aged stand (Deluca et al. 2009). All three research sites are located within the
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22 year-old mixed mesophytic hardwood stands that regenerated after the shelterwood harvests;
one located off of Johnson Hollow Road and two located off of Goodspeed Road (Figure 2).

Initial Stand Conditions
The first site located off of Goodspeed Road (GS1) was primarily comprised of black
cherry (59%), northern red oak (22%), and red maple (13%). A small portion of species
composition also included chestnut oak (2%), black birch (1%), black oak (1%), and sassafras
(1%). The average dbh of the stand at the GS1 site was 1.5 in. The stand averaged 29.1 ft2/ac
basal area and 2,167 trees/ac for all trees ≥1 in at dbh. Before strip thinning, site GS1 had a
considerably larger amount of greenbrier (Smilax spp.) present compared to the other two sites.
Otherwise, the herbaceous layer within GS1 was generally absent.
The species composition of the second site situated off of Goodspeed Road (GS2) was
the most diverse and included: black cherry (43%), sassafras (15%), spicebush (Lindera benzoin
[L.] Blume) (15%), yellow-poplar (14%), white ash (Fraxinus americana L.) (7%), black birch
(4%), black locust (1%), and red maple (1%). The basal area for GS2 averaged 55.6 ft2/ac and
2,533 trees/ac for all trees ≥1 in at dbh. The average dbh for the GS2 stand was 1.9 in. Prior to
harvest, minimal Smilax spp. was present within the stand compared to GS1.
A third site was located off of Johnson Hollow Road (JH). The JH site was dominated by
yellow-poplar (26%), black birch (26%), and red maple (18%). Sourwood (11%), northern red
oak (10%), chestnut oak (6%), sassafras (2%), and black cherry (1%) were also represented in
the stand. The average basal area for the JH site was 77.0 ft2/ac. The stand averaged 4,300
trees/ac for all trees ≥1 in at dbh and had an average dbh of 1.73 in. The herbaceous layer was
minimal within the stand prior to harvest.
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Figure 2. Location of research sites on the West Virginia University Research Forest.
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Experimental Design
Four cutting treatments were randomly assigned to an area in each of the three replicated
blocks (sites). Treatments represented a strip thinning with one of three different cut strip widths
(8 ft, 12 ft, or 16 ft) paired with alternating 8 ft wide residual strips (Figure 3), plus an additional
unharvested control. For this study, cut strips are defined as the strips in which all trees were
removed as part of the strip thinning and the residual strips are defined as the strips between the
cut strips where the trees remained unharvested (Figure A - 1). Each plot measured 100 ft in
length and consisted of five pairs of alternating residual strips and cut strips. All sampling
occurred within the three center cut strips to ensure minimal edge effects. The two cut strips
along the outside edge of the plots were considered buffers and no sampling occurred within
them.
The unharvested control consisted of three circular 1/100th acre control plots. Control
plots were established with at least a 0.5 chain buffer from the edge of the plot to the edge of the
stand and at least 20 ft apart from each other. The species and dbh for all trees ≥1 in at dbh were
recorded within the control plots.
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Figure 3. An example of a treatment plot design showing the 12 ft cut strips, 8 ft residual strips,
and buffers on the outside edge. The white cut strips represent the three center cut strips where
sampling occurred.

The strip thinning treatments were harvested in March and April of 2014. All trees
within the established cut strips were marked and felled using chainsaws. Felled trees within the
three center cut strips were pulled out of the treatment plots by hand. All felled trees located
within the buffer cut strips of the plots were left where they fell.
During the first two weeks of September 2014, all woody vegetation within the woody
biomass sample plots was sampled. Figure 4 illustrates the design of the woody biomass
sampling plots within the three center cut strips. Sample plots measured 5 ft long by the width of
the cut strip (8 ft, 12 ft, or 16 ft). Twenty foot buffers were placed on the outside edges of the
center cut strips to ensure vegetation within sample plots was not influenced by the edge of the
treatment. Within the center 60 feet of the cut strips, six sample plots were established down the
length of the strip with 5 ft buffers between them. Three of six sample plots were randomly
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assigned for harvesting the first year biomass, while the remaining three sample plots will be
used for future sampling. Therefore, within each treatment plot, a total of nine sample plots were
established, three sample plots within each of the three center cut strips.

Figure 4. One of the three cut strips broken up into the six woody biomass sample plots. Sample
plots measure 5 ft by the width of the cut strip. Three sample plots were randomly chosen to be
harvested for first year biomass.

For each stump sprout, the species, height of the dominant sprout, number of sprouts per
stump and the presence of browse (yes/no) were recorded. For seedlings, species, height from
the ground to the top of the dominant shoot, and the presence of browse (yes/no) were recorded.
All stump sprouts within the plot were harvested at the point of attachment to the stump and the
aboveground portion of all seedlings were harvested. Harvested biomass was oven dried at
221°F and then weighed.
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Throughout the growing season, herbaceous vegetation was sampled monthly from May
2014 through September 2014. Herbaceous vegetation was defined as all vascular vegetation
less than 3.3 ft in height (Gilliam 2014) with the exception of woody vegetation (sprouts,
seedlings, and saplings). Sampling was conducted during the third weekend each month. During
each month, three plots measuring 2 ft by 2 ft were randomly placed within each of the three
center cut strips of each treatment plot on all three research sites. Nine plots were also placed
with the control plots on all three research sites. All herbaceous vegetation within the plot was
identified at least to the genus with the exception of grasses. Ocular estimation was used to
categorize the percentage of each species in the plot into the following categories: <1%, 1-20%,
21-40%, 41-60%, 61-80%, and 81-100%. The herbaceous vegetation was harvested and
classified into four categories: grass, ferns, semi-woody shrubs/vines, and forbs. All vegetation
was oven dried at 221°F and weighed. All harvested vegetation belonging to the family Poaceae
was categorized as grass. Annual and perennial vegetation lacking a woody stem that would
dieback at the end of the growing season was categorized as forbs. All remaining vegetation less
than 3.3 ft in height with the exception of stump sprouts, seedlings, and saplings was categorized
as vines/semi-woody shrubs. Vines/semi-woody shrubs included all species of Rubus spp.,
Smilax spp., and Vitis spp.
Statistical Analysis
The biomass of stump sprouts and seedlings was analyzed using PROC MIXED in SAS
Version 9.3 software (SAS Institute Inc., 2011 Cary, NC) as a randomized complete block design
with subsampling for the analysis of variance. The random effect was the block. There were
three replications among the sites (GS1, GS2, and JH). The experimental unit consisted of a
treatment plot with five alternating residual and cut strip pairings (Figure 3). The three sampling
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plots within each of the three center cut strips were averaged together so responses were
estimated within three subsamples within each experimental unit. The data were balanced
because there was an equal number of subsamples for each experimental unit. Linear and
quadratic orthogonal contrasts were tested to determine if there was a relationship between the
width of the cut strip and the respective biomass production. Tukey tests with adjusted p-values
were used to examine differences in least squares means where significant F-tests were present.
Significance was evaluated at α = 0.05. The authority of scientific names was obtained from
USDA, NRCS (2015).
Herbaceous vegetation biomass was analyzed using PROC MIXED in SAS Version 9.3
software (SAS Institute Inc., 2011 Cary, NC) as a randomized complete block repeated measures
design with subsampling. The random effect was the block. The design setup was the same as
for the stump sprout and seedling biomass with the addition of months (May through September)
as the repeated factor. The total herbaceous biomass dataset was natural logarithm transformed
to attain a more normal distribution. When herbaceous biomass was assessed by species groups,
the dataset was transformed by log10(x+1) to accommodate for right-skewed data with a large
number of 0 values. Adjusted p-values from Tukey tests were used to examine differences in
least squares means when F-tests were significant at α = 0.05. The means and standard errors
reported are from untransformed data.
Woody and herbaceous vegetation species richness was analyzed using PROC MIXED in
SAS Version 9.3 software (SAS Institute Inc., 2011 Cary, NC). The random effect was the
block. Similar to Gilliam (2002), species richness of the woody and herbaceous vegetation was
assessed separately at two spatial scales. Species richness was first analyzed at the treatment plot
scale, in which all species in the nine sampling subplots within the treatment plot were accounted
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for. Woody species richness at the treatment plot scale was analyzed as a randomized complete
block design and herbaceous species richness at the treatment plot scale was analyzed as a
randomized complete block repeated measures design. Species richness was also analyzed
within the strip, in which species richness measured all species within each strip subsample.
Woody species richness at the subplot (strip) scale was analyzed as a randomized complete block
design with subsampling and herbaceous species richness at the subplot (strip) scale was
analyzed as a randomized complete block repeated measures design with subsampling. Adjusted
p-values from Tukey tests were used to examine differences in least squares means when F-tests
were significant at α = 0.05.
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RESULTS

Due to the nature of the different types of vegetation that regenerated, the biomass was
assessed within three categories: stump sprouts, seedlings, and herbaceous vegetation. A list of
woody species and corresponding abbreviations used herein is included in the Appendix (Table
A-1).
Biomass production
Stump sprouts
Stump sprouts comprised 93-96% of the first year woody biomass production within the
three cut strip widths. There was a positive linear relationship between the width of the cut strip
and sprout biomass production (p = 0.0178). The width of the cut strips significantly affected the
amount of biomass produced from stump sprouts during the first growing season (p = 0.0416)
(Figure 5a and Figure 6). Tukey HSD tests indicated the amount of stump sprout biomass
produced within the 16 ft cut strip was four times greater than the 8 ft cut strip (p = 0.0381), but
there was no significant difference in the amount of stump sprout biomass produced between the
8 ft and 12 ft cut strips (p = 0.4637) or the 12 ft and 16 ft strips (p = 0.1259). The trend in
response among cut strip widths was similar on each site, but there was variation within biomass
response among sites (Figure 5b). However, the effect of site was not significant (p = 0.5241).
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a.)
B

AB

A

b.)

Figure 5. Average biomass production for stump sprouts (a) among cut strip widths and (b) among
cut strip widths across all sites. Error bars correspond to one standard error. Bars with similar
letters indicate no significant difference in means at α = 0.05. Bars without letters indicate no
significant difference.
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a.)

b.)

c.)

Figure 6. Biomass production in August on JH site in the a.) 8 ft cut strip, b.) 12 ft cut strip, and
c.) 16 ft cut strip.
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On average, 53% of the stump sprouts were browsed within cut strip widths all on sites.
The JH site had the most browsed stems with 79% of the stump sprouts browsed compared to the
percent browse on the GS2 site (49%) and the GS1 site (40%). The high percentage of browse
was evident on the JH site as the amount of biomass produced on JH was the lowest compared to
the other sites (Figure 5b), although the site quality was better as shown by the larger average
dbh of the residual trees on the control plots. The second highest percentage of browse was on
the GS2 site which ranked second in biomass production, again despite the better site quality
(Figure 5b). Browsing on stems was relatively consistent among strip widths, with 54%
browsing within the 8 ft cut strip, 55% within the 12 ft strip, and 51% within the 16 ft cut strip.
True Seedlings
Within the first growing season, seedlings only accounted for 4-7% of the total woody
biomass among cut strip widths (Figure 7). The first year seedling biomass production after strip
thinning averaged 20.9 lbs/ac. There was not a significant linear relationship between the width
of the cut strip and the biomass production of seedlings (p = 0.1173) and the amount of seedling
biomass was not significantly different among the different width cut strips (p = 0.2178). The
response in seedlings biomass production was not significant among sites (p = 0.3041).
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Figure 7. Average biomass produced from seedlings across cut strip widths. Error bars correspond
to one standard error. Bars with similar letters indicate no significant difference in means at
α = 0.05.

Herbaceous vegetation
The average monthly response of the herbaceous vegetation biomass was found to
be significantly different among cut strip widths (p = 0.0455) (Figure 6 and Figure 8), but there
was not a significant linear relationship between the average monthly herbaceous biomass
production and the width of the cut strips and control (p = 0.4047). Tukey testing indicated that
the average monthly herbaceous vegetation biomass was significantly higher in the 16 ft strip
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compared to the control plots (p = 0.0464) (Figure 9). The average monthly herbaceous biomass
production between the 12 ft strip and the control approached significance (p = 0.0732), while
there was no significant difference between the 8 ft cut strip and the control (p = 0.2149).
The average monthly biomass production of herbaceous vegetation was not significantly
different among the different widths of the cut strips. The total herbaceous biomass production
did not vary by month (p = 0.8145) and there was no significant difference among cut strip
widths by month for total herbaceous vegetation (treatment X month interaction, p = 0.6151)
(Figure A - 2). Average monthly herbaceous biomass production was almost significantly
different among sites, which was mostly attributed to the differences in species composition
among sites (p = 0.0606).

B
AB
AB
A

Figure 8. Average monthly biomass production of herbaceous vegetation across cut strip widths.
Error bars correspond to one standard error. Bars with similar letters indicate no significant
difference in means at α = 0.05.
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a.)

b.)

Figure 9. Biomass production within a.) control plot and b.) 16 ft cut strip.

Species response to strip thinning
Stump sprouts
The stump sprouts assessed for each species was dependent on the number of stumps of
each species located within the cut strips. Black cherry, northern red oak, red maple, spicebush,
yellow-poplar, sourwood, black birch, and sassafras had the most stumps that were sampled
across all cut strip widths (Table A - 2).
The species composition of the stump sprouts, which was analyzed as the proportion of
biomass for each species out of the total biomass, varied among cut strip widths (Figure 10).
The percentage of shade intolerant species (black cherry, yellow-poplar, and black locust)
increased from 65% of the biomass in the 8 ft treatment to 85% of the biomass in the 16 ft strip,
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while the percentage of shade tolerant and shade intermediate species (red maple and northern
red oak) was greater within the 8 ft wide cut strips (34% of the biomass) than the larger width cut
strips (21% in the 12 ft strip and 14% in the 16 ft strip). Black cherry dominated the sprout
species composition within all three cut strip widths (Figure 10).
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Figure 10. Species composition of stump sprouts as a proportion of the total biomass for each cut
strip (8 ft, 12 ft, and 16 ft). Others represent all remaining species comprising <1% of the biomass.
Shade intolerant species included black cherry, yellow-poplar, black locust, and sassafras (lighter
shades). Shade tolerant species included red maple, spicebush, sourwood, and witch-hazel and
shade intermediate species included northern red oak (darker shades). Species abbreviations are
defined in Table A-1.
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Stump sprout species composition was related to the initial species composition sampled
within the control plots. The stand composition of the control plots produced differences in
species composition within sites (Table 1), but generally shade intolerant species dominated the
larger width cut strips and shade tolerant and shade intermediate species generally consisted of a
larger percentage of the species composition within the 8 ft and 12 ft strips among sites (Figure
11). The stand composition of control plots on GS1 was dominated by black cherry (Table 1).
Within all three cut strip widths on GS1, a large percentage of the stump sprouts were also
composed of black cherry (55-83%), however black cherry decreased within the 8 ft cut strip
compared to the 12 ft and 16 ft cut strips (Figure 11). On GS1, the 8 ft cut strip had a larger
percentage of northern red oak and red maple (38%) than the 12 ft and 16 ft cut strips (11% and
4%, respectively) (Figure 11). Black cherry, sassafras, and spicebush dominated the stand in the
control plots at the GS2 site (Table 1). The biomass of stump sprouts in GS2 was dominated by
black cherry on all three cut strip widths (31-63%) (Figure 11). The JH site was dominated by
yellow-poplar, black birch, and red maple within the control plots (Table 1). The percentage of
yellow-poplar stump sprouts increased from 14% in the 8 ft cut strip to 36% in the 12 ft and 35%
in the 16 ft cut strips on the JH site (Figure 11). Although northern red oak made up only 10% of
the control stand composition, it was one of the dominant stump sprouts among all three cut strip
widths on JH (15-44%) (Table 1 and Figure 11).

Table 1. The species composition of the control plots as a percent of TPA among sites.
Species
Site
BB
BC
BL
BO
CO NRO
RM
SAS
SPB
SW
WA
GS1
1%
59%
0%
1%
2%
22%
13%
1%
0%
0%
0%
GS2
4%
43%
1%
0%
0%
0%
1%
15%
15%
0%
7%
JH
26%
1%
0%
0%
6%
10%
18%
2%
0%
11%
0%

38

YP
0%
14%
26%

Figure 11. Species composition of stump sprouts as a proportion of the total biomass for each cut
strip width (8 ft, 12 ft, and 16 ft) within each site.
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Descriptive statistics on the average height of the dominant sprout and the average
number of sprouts per stump were not conducted due to an inadequate number of stumps per
species among cut strip widths on all sites. The average height of the dominant sprout
observationally increased as the width of the cut strip increased for several species, while the
average number of sprouts per stump varied with cut strip width for most species (Table 2).
Black cherry and yellow-poplar sprouts, the two most prominent shade intolerant species,
showed an increase in average height as the width of the cut strip increased. For black cherry,
the average height of the dominant sprout increased by 65% from the 8 ft cut strip to the 16 ft cut
strip. The average height of the dominant sprout for yellow-poplar increased by 68% from the 8
ft cut strip to the 12 ft cut strip and almost doubled from the 12 ft cut strip to the 16 ft cut strip.
The average height of the dominant stump sprout for red maple increased as the width of the cut
strip increased, although this increase was most evident between the 12 ft and 16 ft strips. The
average height of the dominant sprout doubled from the 8 ft to the 16 ft width cut strip for
chestnut oak and the average height of the dominant sprout increased for sourwood as the cut
strip width became wider. The average height of the dominant stump sprout varied across cut
strip widths for the remaining species (Table 2). The average number of sprouts per stump
increased as the width of the cut strip increased for black birch and sourwood, while the average
number of sprouts per stump varied by cut strip width for all other species (Table 2).
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Table 2. The average height (in) of the dominant sprout per stump (± SE) and average number of
sprouts per stump (± SE) for all species within each cut strip width.

Species
BB
BC
BL
CO
CUC
DWS
NRO
PC
RM
SAS
SPB
SW
WA
WH
WO
YP
†

Average Height of the Dominant
Sprout per Stump
Cut Strip Width
8 ft
12 ft
16 ft
8.6 (± 0.9)
7.1 (± 0.8)
10.2 (± 1.4)
27.1 (± 1.8) 30.9 (± 1.6)
44.7 (± 1.9)
62.1 (± 11.8)
13.0 (± 6.9) 17.7 (± 5.1)
26.8 (± 1.7)
†
39.0
18.2 (± 2.8)
14.8 (± 1.7) 10.1 (± 0.9)
12.8 (± 1.1)
3.5†
19.3 (± 2.0)
12.3 (± 1.1) 12.5 (± 1.0)
16.5 (± 2.0)
13.5 (± 1.4) 10.5 (± 1.4)
12.5 (± 2.5)
10.9 (± 1.1)
8.1 (± 0.6)
8.5 (± 0.4)
4.3†
7.6 (± 0.7)
15.4 (± 1.7)
12.0 (± 1.6)
7.4 (± 0.8)
20.9†
6.7 (± 0.5)
12.6 (± 2.0)
16.3 (± 7.8)
11.3 (± 2.6) 19.0 (± 2.3)
37.7 (± 6.2)

Average Number of Sprouts per Stump

8 ft
5 (± 2.14)
8 (± 0.88)
3 (± 0.88)
5 (± 0.43)
1†
9 (± 0.99)
4 (± 0.55)
6 (± 1.21)
4†
6 (± 3.77)
7†
7 (± 1.29)

Cut Strip Width
12 ft
9 (± 5.29)
9 (± 0.83)
8 (± 6.09)
4†
5 (± 0.86)
11 (± 0.96)
4 (± 1.00)
8 (± 0.69)
15 (± 2.07)
9 (± 1.00)
12 (± 2.42)
13 (± 2.28)

16 ft
17 (± 4.68)
9 (± 0.75)
7 (± 1.74)
8 (± 2.50)
5 (± 1.44)
7 (± 1.03)
10 (± 4.00)
10 (± 1.36)
4 (± 0.56)
6 (± 0.31)
19 (± 2.92)
12 (± 3.07)
8 (± 2.00)
7 (± 0.86)

Standard error not calculated due to only one sample.

Across all sites, northern red oak, red maple, sourwood, spicebush, devil’s walkingstick
(Aralia spinosa L.) and white oak had the highest percentage of browse (Table 3). Red maple,
northern red oak, and sourwood were the most frequently browsed species on the JH site.
Spicebush was heavily browsed on GS2 and red maple and northern red oak were predominantly
browsed on GS1.
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Table 3. The percent of stump sprouts browsed for each species among all cut strip widths across
all sites.

Species Percent Browse
90%
SW
87%
RM
86%
SPB
86%
WO
76%
NRO
75%
DWS
69%
SAS
69%
WH
58%
YP
48%
BB
45%
CO
40%
WA
33%
PC
8%
BC
0%
BL
0%
CUC

True Seedlings
The species composition for seedlings was determined for each cut strip width (Figure
12). The seedling biomass was dominated by yellow-poplar (51-61%) and red maple (13-23%)
among all cut strip widths. There were more sassafras seedlings on the 8 ft wide cut strips (9%)
compared to the 12 ft (6%) and the 16 ft (4%) cut strips. Black birch was more dominant on the
12 ft cut strip (8%) and 16 ft cut strip (8%) than the 8 ft cut strip (5%). Devil’s walkingstick
seedlings were only present on the 12 ft and 16 ft cut strips.
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Figure 12. Species composition of seedlings among cut strip widths.
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The average height for some species of seedlings was observationally different among the
different width cut strips (Figure 13). Black cherry and northern red oak seedlings were on
average observationally larger as the width of the cut strip increased, although the increase for
yellow-poplar was not as prominent. Black locust seedlings were observationally the tallest after
the first growing season within the 16 ft cut strip. The average height for white oak seedlings
was observationally the tallest among the species for the 12 ft cut strip and white ash had the
tallest average height within the 8 ft wide cut strips.

Figure 13. Average height (in) of seedlings within each cut strip width.
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Herbaceous vegetation
When individual species groups (grass, ferns, semi-woody shrubs/vines, and forbs) were
assessed, the average monthly biomass production was significantly different among cut strip
widths for the grasses (p = 0.0116) and almost significantly different for vines/semi-woody
shrubs (p = 0.0589). Tukey HSD tests indicated the average monthly biomass for grasses was
2.1 times greater in the 16 ft strip than the 8 ft strip and 4.6 times greater in the 16 ft cut strip
than the control plots (p = 0.0459 and 0.0161, respectively). There was no significant difference
in average monthly biomass production among cut strip widths for ferns and forbs (p = 0.4791
and 0.2286, respectively). The average monthly biomass production significantly differed
among sites for ferns (p = 0.0008), grasses (p = 0.0039), forbs (p = 0.0348), and vines/semiwoody shrubs (p = 0.0016). GS1 and JH sites were dominated by vines/semi-woody shrubs,
primarily greenbrier, while GS2 was dominated by ferns (Figure 14).
Vines/semi-woody shrub biomass showed a nonsignificant decline from May through
August while ferns, grass, and forbs had a nonsignificant increase from May through August
before starting to dieback in September (Figure 15). Grass was the only species group in which
biomass changed by month (p = 0.0002). The biomass production from grass was greater in
August than May, June, and July (p = <0.0001, 0.0005, and 0.0488, respectively). For the forb
species group, biomass was affected by a cut strip width and month interaction (p = 0.0043)
(Table 4). Tukey HSD tests indicated the biomass of the forbs was 29.1 times greater in the 16 ft
cut strip than the control in September (p = 0.0212). Within the 16 ft cut strip, forb biomass
production in August and September was significantly greater than June (p = 0.0251 and 0.0415,
respectively).
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Figure 14. Average monthly herbaceous biomass across cut strip widths, among all sites, and by species groups. Vine represents the vine
and semi-woody shrub species category.
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A

A

B
A

AB

Figure 15. Changes in biomass production among species groups from May through September. Bars with similar letters indicate no
significant difference in means at α = 0.05. Bars without letters indicate no significant difference.
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Table 4. Biomass (lbs/ac) of forbs from May through September among the three cut strip widths
and control plots. Letters indicate significantly different means determined from Tukey HSD tests.

Treatment

May

June

July

August

September

10.6ab

9.0ab

5.7ab

3.2ab

1.8a

8 ft

3.7ab

9.2ab

10.1ab

8.0ab

9.8ab

12 ft

5.7ab

7.8ab

18.3ab

45.4ab

14.5ab

16 ft

12.0ab

8.0a

46.3ab

52.2b

52.3b

Control

The average percent cover of herbaceous species exhibited varying trends among cut strip
widths from May through September (Table 5–Table 9). Hay-scented fern, Christmas fern
(Polystichum acrostichoides [Michx.] Schott), and New York fern (Thelypteris noveboracensis
[L.] Nieuwl.) dominated the fern community over the growing season. Ferns exhibited
inconsistent trends among cut strip widths, but generally fern coverage was greater among cut
strips than the control. Violets (Viola spp.), nettles (Laportea spp.), goldenrods (Laportea spp.),
and asters (Symphyotrichum spp.) were the major forb species present throughout the growing
season. Violets were more dominant early in the growing season and started to decline after
July, where they were restricted to the 12 ft and 16 ft cut strips. Nettles and goldenrods
increased in coverage throughout the growing season within the wider cut strips. Asters were
present from June through September. Although the trends varied among cut strip widths, false
Solomon’s seal (Maianthemum racemosum [L.] Link), Indian cucumber (Medeola virginiana
L.), wild sarsaparilla (Aralia nudicaulis L.), and Jack-in-the-pulpit (Arisaema spp.) were
primarily present during May through July, while other species such as dandelions (Taraxacum
spp.), lobelias (Lobelia spp.), pussytoes (Antennaria spp.), and trillium species were generally
present later in the summer. The percent coverage of grass increased through the summer and
grass had greater coverage within the wider width cut strips. Greenbrier and blackberries were
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the most important vine/semi-woody shrub species within all cut strip widths. Greenbrier was
present throughout the growing season but percent cover was inconsistent among cut strip
widths. Coverage of blackberries become more prominent later in the growing season and
percent cover was greatest among the wider cut strips. Grape vines became more abundant after
July within the wider cut strips.
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Table 5. Average percent cover of herbaceous vegetation among the control and cut strip widths in
May.
May
Species

Control

Treatment
8 ft 12 ft

16 ft

Bracken fern (Pteridium aquilinum [L.] Kuhn)

Fern

Christmas fern (Polystichum acrostichoides [Michx.] Schott)
Hay-scented fern (Dennstaedtia punctilobula [Michx.] T. Moore)

2%

1%

2%

1%

<1%

2%

2%

3%

2%

1%

1%

Interrupted fern (Osmunda claytoniana L.)
Lady fern (Athyrium filix-femina [L] Roth)
New York fern (Thelypteris noveboracensis [L.] Nieuwl.)

<1%

Asters (Symphyotrichum spp.)
Bedstraws (Galium spp.)
Dandelions (Taraxacum spp.)
False Solomon’s seal (Maianthemum racemosum [L.] Link)

<1%

Goldenrods (Solidago spp.)

<1%

Indian cucumber (Medeola virginiana L.)

1%

Jack-in-the-pulpit (Arisaema spp.)

1%

<1%

<1%

<1%

<1%

<1%

<1%
<1%

<1%

Lady thumb (Polygonum persicaria L.)

Forb

1%

Lobelias (Lobelia spp.)

<1%

<1%

<1%

1%

4%

1%

3%

2%

<1%

<1%

<1%

<1%

<1%

<1%

Grass (Poaceae)

<1%

3%

<1%

<1%

Blackberries/raspberries (Rubus spp.)

<1%

<1%

9%

6%

8%

10%

<1%

<1%

18%

14%

17%

19%

Nettles (Laportea spp.)
Pussytoes (Antennaria spp.)
Trilliums (Trillium spp.)
Unknown species
Violets (Viola spp.)
Wild sarsaparilla (Aralia nudicaulis L.)
Wild strawberries (Fragaria spp.)
Wild yamroot (Dioscorea villosa L.)

Vine/semiwoody shrub

Wood sorrels (Oxalis spp.)

Grape vines (Vitis spp.)
Greenbrier (Smilax spp.)
Multiflora rose (Rosa multiflora Thunb.)
Virginia creeper (Parthenocissus quinquefolia [L.] Planch.)

Total
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Table 6. Average percent cover of herbaceous vegetation among control and cut strip widths in
June.
June
Species

Control

Treatment
8 ft 12 ft

16 ft

Fern

Bracken fern (Pteridium aquilinum [L.] Kuhn)
Christmas fern (Polystichum acrostichoides [Michx.] Schott)

2%

1%

3%

2%

Hay-scented fern (Dennstaedtia punctilobula [Michx.] T. Moore)

6%

<1%

1%

1%

4%

Interrupted fern (Osmunda claytoniana L.)

2%

Lady fern (Athyrium filix-femina [L] Roth)

<1%

2%

1%

1%

1%

Asters (Symphyotrichum spp.)

<1%

<1%

<1%

2%

Bedstraws (Galium spp.)

<1%

New York fern (Thelypteris noveboracensis [L.] Nieuwl.)

<1%

Dandelions (Taraxacum spp.)
False Solomon’s seal (Maianthemum racemosum [L.] Link)

<1%

Goldenrods (Solidago spp.)

<1%

Indian cucumber (Medeola virginiana L.)

<1%

<1%

<1%

<1%

<1%

1%

<1%

<1%

<1%
<1%

Jack-in-the-pulpit (Arisaema spp.)

Forb

Lady thumb (Polygonum persicaria L.)
Lobelias (Lobelia spp.)
Nettles (Laportea spp.)

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

4%

1%

2%

<1%

Pussytoes (Antennaria spp.)
Trilliums (Trillium spp.)
Unknown species
Violets (Viola spp.)

1%

Wild sarsaparilla (Aralia nudicaulis L.)
Wild strawberries (Fragaria spp.)

<1%

<1%

<1%

<1%

Grass (Poaceae)

<1%

1%

<1%

1%

Blackberries/raspberries (Rubus spp.)

<1%

1%

<1%

Wild yamroot (Dioscorea villosa L.)

Vine/semiwoody shrub

Wood sorrels (Oxalis spp.)

<1%

Grape vines (Vitis spp.)

3%

Greenbrier (Smilax spp.)

9%

6%

8%

<1%

<1%

17%

17%

Multiflora rose (Rosa multiflora Thunb.)
Virginia creeper (Parthenocissus quinquefolia [L.] Planch.)

<1%
18%

Total

51

17%

Table 7. Average percent cover of herbaceous vegetation among the control and cut strip widths in
July.
July
Species

Control

Treatment
8 ft 12 ft

16 ft

Fern

Bracken fern (Pteridium aquilinum [L.] Kuhn)
Christmas fern (Polystichum acrostichoides [Michx.] Schott)

1%

<1%

1%

4%

Hay-scented fern (Dennstaedtia punctilobula [Michx.] T. Moore)

4%

<1%

2%

2%

Interrupted fern (Osmunda claytoniana L.)

2%

7%

1%

Lady fern (Athyrium filix-femina [L] Roth)

1%

New York fern (Thelypteris noveboracensis [L.] Nieuwl.)

1%

4%

2%

<1%

1%

1%

<1%

1%

<1%

<1%

<1%

<1%

2%

<1%

2%

Asters (Symphyotrichum spp.)
Bedstraws (Galium spp.)
Dandelions (Taraxacum spp.)
False Solomon’s seal (Maianthemum racemosum [L.] Link)
Goldenrods (Solidago spp.)

1%

Indian cucumber (Medeola virginiana L.)

<1%

Jack-in-the-pulpit (Arisaema spp.)

Forb

Lady thumb (Polygonum persicaria L.)
Lobelias (Lobelia spp.)
Nettles (Laportea spp.)

<1%

2%

1%

2%

<1%

<1%

<1%

<1%

Pussytoes (Antennaria spp.)
Trilliums (Trillium spp.)

<1%

Unknown species
Violets (Viola spp.)
Wild sarsaparilla (Aralia nudicaulis L.)

1%

<1%

<1%

<1%

<1%

<1%

<1%
3%

2%
<1%

Wild strawberries (Fragaria spp.)
Wild yamroot (Dioscorea villosa L.)

<1%
<1%

Wood sorrels (Oxalis spp.)

<1%

Vine/semiwoody shrub

Grass (Poaceae)

<1%

2%

1%

2%

2%

2%

<1%

<1%

<1%

6%

5%

7%

5%

<1%

<1%

<1%

16%

14%

31%

Blackberries/raspberries (Rubus spp.)
Grape vines (Vitis spp.)
Greenbrier (Smilax spp.)
Multiflora rose (Rosa multiflora Thunb.)
Virginia creeper (Parthenocissus quinquefolia [L.] Planch.)

Total

52

23%

Table 8. Average percent cover of herbaceous vegetation among the control and cut strip widths in
August.
August
Species

Control

Treatment
8 ft 12 ft

Christmas fern (Polystichum acrostichoides [Michx.] Schott)

3%

4%

6%

Hay-scented fern (Dennstaedtia punctilobula [Michx.] T. Moore)

3%

2%

1%

Fern

Bracken fern (Pteridium aquilinum [L.] Kuhn)

16 ft
<1%

4%

Interrupted fern (Osmunda claytoniana L.)

<1%

7%

2%

<1%

<1%

1%

False Solomon’s seal (Maianthemum racemosum [L.] Link)

<1%

<1%

Goldenrods (Solidago spp.)

<1%

<1%

Indian cucumber (Medeola virginiana L.)

<1%

Lady fern (Athyrium filix-femina [L] Roth)
New York fern (Thelypteris noveboracensis [L.] Nieuwl.)
Asters (Symphyotrichum spp.)

4%
<1%

<1%

Bedstraws (Galium spp.)
Dandelions (Taraxacum spp.)

<1%
<1%

2%
<1%

Jack-in-the-pulpit (Arisaema spp.)

<1%

Forb

Lady thumb (Polygonum persicaria L.)
Lobelias (Lobelia spp.)

1%

Nettles (Laportea spp.)

1%

Pussytoes (Antennaria spp.)

1%

Trilliums (Trillium spp.)
Unknown species

<1%

Violets (Viola spp.)

2%

4%

<1%

<1%

<1%

<1%

2%

<1%

<1%

1%

3%

Wild sarsaparilla (Aralia nudicaulis L.)

Vine/semiwoody shrub

Wild strawberries (Fragaria spp.)
Wild yamroot (Dioscorea villosa L.)

<1%

Wood sorrels (Oxalis spp.)

<1%

Grass (Poaceae)

2%

<1%

5%

5%

Blackberries/raspberries (Rubus spp.)

1%

3%

4%

12%

<1%

<1%

1%

3%

1%

2%

Grape vines (Vitis spp.)

2%

Greenbrier (Smilax spp.)

<1%

Multiflora rose (Rosa multiflora Thunb.)
Virginia creeper (Parthenocissus quinquefolia [L.] Planch.)

<1%
15%

Total

53

<1%
18%

23%

41%

Table 9. Average percent cover of herbaceous vegetation among the control and cut strip widths in
September.
September
Species

Control

Treatment
8 ft 12 ft

16 ft

2%

3%

4%

<1%

1%

1%

Bracken fern (Pteridium aquilinum [L.] Kuhn)

Fern

Christmas fern (Polystichum acrostichoides [Michx.] Schott)
Hay-scented fern (Dennstaedtia punctilobula [Michx.] T. Moore)

4%

Interrupted fern (Osmunda claytoniana L.)

5%

Lady fern (Athyrium filix-femina [L] Roth)
New York fern (Thelypteris noveboracensis [L.] Nieuwl.)
Asters (Symphyotrichum spp.)

2%

<1%

1%

<1%

1%

1%

2%

Bedstraws (Galium spp.)

1%

Dandelions (Taraxacum spp.)
False Solomon’s seal (Maianthemum racemosum [L.] Link)

<1%

<1%

<1%

Goldenrods (Solidago spp.)

<1%

<1%

<1%

<1%

<1%

Indian cucumber (Medeola virginiana L.)
Jack-in-the-pulpit (Arisaema spp.)

Forb

Lady thumb (Polygonum persicaria L.)

<1%

Lobelias (Lobelia spp.)

<1%

Nettles (Laportea spp.)
Pussytoes (Antennaria spp.)

<1%

Trilliums (Trillium spp.)
Unknown species

<1%

Violets (Viola spp.)

1%

1%

5%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

1%

2%

<1%

Wild sarsaparilla (Aralia nudicaulis L.)

<1%

Wild strawberries (Fragaria spp.)

<1%

<1%

<1%

<1%

Grass (Poaceae)

<1%

<1%

3%

4%

Blackberries/raspberries (Rubus spp.)

<1%

2%

8%

11%

2%

1%

1%

7%

4%

7%

Wild yamroot (Dioscorea villosa L.)

Vine/semiwoody shrub

Wood sorrels (Oxalis spp.)

Grape vines (Vitis spp.)

1%

Greenbrier (Smilax spp.)

<1%

Multiflora rose (Rosa multiflora Thunb.)
Virginia creeper (Parthenocissus quinquefolia [L.] Planch.)

Total

54

<1%

<1%

6%

19%

28%

41%

Species Richness
The species richness of the woody vegetation through the first year growing season at the
treatment plot scale was not significantly different among the control plots and the different
width cut strips (p = 0.2577), but the woody species richness at the subplot (strip) scale was
significantly different (p = 0.0267) (Figure 16). At the subplot scale, woody species richness
was 1.8 times higher within the 16 ft cut strips compared to the control plots (p = 0.0202).

B
AB

AB

A

Figure 16. Woody species richness within the three different cut strip widths and control plots at
the treatment plot scale and subplot (strip) scale. Woody vegetation includes stump sprouts,
seedlings and trees. Results are not a true comparison of woody species richness due to variation
within the size of sampling area across cut strips and control plots and results should only be used
as reference. Bars with similar letters indicate no significant difference in means at α = 0.05. Bars
without letters indicate no significant difference.
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The average monthly species richness of the herbaceous vegetation at the treatment plot
scale increased as the width of the cut strip increased (Figure 17); however this increase was not
significant (p = 0.2796). There was a significant difference among sites (p = 0.0055) (Figure
18). Herbaceous species richness at the treatment plot scale changed by month (p = 0.0080) as
herbaceous species richness in July, August, and September was greater than in May (p =
0.0104, 0.0272 and 0.0185, respectively).

There was no significant interaction between

treatment X month for species richness at the treatment plot scale (p = 0.2911).

Figure 17. Average monthly herbaceous species richness within the three different cut strip widths
and control plots at the treatment plot scale and subplot (strip) scale. Species richness is at the
genus level with the exception of grasses which were only identified to the family level. Bars
without letters indicate no significant difference in means.
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b

a
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a

A
A

Figure 18. Average monthly herbaceous species richness among sites at the two spatial scales.
Species richness is at the genus level with the exception of grasses which were only identified to the
family level. Bars with similar letters indicate no significant difference in means at α = 0.05.
Uppercase letters correspond to means at the subplot (strip) scale and lowercase letters correspond
to means at the treatment plot scale.

At the subplot (strip) scale, the width of the cut strip also had no significant effect on the
average monthly herbaceous species richness (p = 0.3440) (Figure 17), but average monthly
species richness did change across the sites (p = 0.0144) (Figure 18). Herbaceous species
richness at the strip level also changed by month (p = <0.0001), where cut strips assessed July
had 1.5 times more species than cut strips in May (p = 0.0002), cut strips assessed in August had
1.4 times more species than cut strips in May (p = 0.0003), and cut strips assessed in September
had 1.4 times more species than cut strips in May (p = 0.0003). At the subplot (strip) scale, there
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was a significant treatment X month interaction for species richness (p = 0.0136) (Table 10). In
the 16 ft cut strip, herbaceous species richness was greater in July, August, and September than
May (p = 0.0378, p = 0.0024, and p = 0.0024, respectively). As the growing season progressed,
herbaceous species richness generally increased for all three cut strip widths, while the species
richness declined in the control plots.

Table 10. Species richness at the subplot (strip) scale from May through September among the
three cut strip widths and control plots. Letters indicate significantly different means determined
from Tukey HSD tests.

Treatment

May

June

July

August

September

Control

4.7ab

4.6ab

4.8ab

4.3ab

3.6ab

8 ft

3.4ab

4.8ab

6.1ab

6.3ab

5.8ab

12 ft

4.8ab

5.7ab

6.4ab

5.8ab

7.2ab

16 ft

4.0a

5.4ab

7.2b

7.9b

7.9b
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DISCUSSION
Minimal research has been conducted on biomass production following the application of
strip thinning, especially in naturally regenerated central Appalachian forests. However, the
biomass production within strips during a strip thinning could be comparable to that of small
patch-sized cuts within Appalachian forests due to similar conditions created within the
openings. Temperature, soil moisture, and light manipulated by small canopy gaps have the
ability to influence succession (Clinton 2003). Therefore the response of vegetation within
increasingly wider cut strips would presumably follow similar trends to the vegetation response
in increasingly larger patches.
As predicted, the total standing crop biomass produced within the first year growing
season increased with the wider cut strips. Similar results were reported in studies that assessed
the size, density, and biomass production following small patch-sized cuts (Smith 1981; Phillips
and Shure 1990; Shure et al. 2006). When assessing patch cuts in West Virginia ranging in size
from 50 ft to 250 ft in diameter, Smith (1981) reported that the regeneration had an increase in
average dbh with increasing patch size after ten years. Phillips and Shure (1990) also found that
the total biomass production was greater in larger sized patch cuts than in small patches (patches
ranged in size from 0.04 to 4.9 ac) after one growing season in North Carolina.
The increased total standing crop biomass production within the wider cut strips of this
study was presumably related to the increased resources, especially light availability in the larger
openings. The size of an opening is correlated to the amount of light that reaches the forest floor,
which consequently can influence the soil temperature, soil moisture, and the amount of
photosynthetically active radiation (PAR) available to regenerating vegetation (Prevost and
Raymond 2012). Smaller forest openings are more strongly influenced by the surrounding tree
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heights which can limit the amount of available light (Lhotka 2013). The closing of the
surrounding canopy is expected to occur more rapidly within smaller openings, which could also
limit the available light reaching the forest floor over time. The availability of PAR would have
presumably increased on the 16 ft and 12 ft wide cut strips which in turn could have increased
the soil temperature. Soil temperature and moisture are directly related to the decomposition of
organic matter into essential nutrients needed by regenerating vegetation (Muscolo et al. 2007).
Hence, the increased light in the larger width cut strips likely contributed to increase soil
temperature and essential nutrients through increased decomposition of organic matter, which
would likely lead to increased biomass production within the larger width cut strips.
Woody biomass production among cut strip widths
The total biomass production among cut strip widths was also influenced by the type of
regenerated vegetation. Stump sprouts accounted for most of the woody biomass produced (9396%) within the study during the first year growing season compared to seedling production.
Consistent with the results of this study, Phillips and Shure (1990) indicated that stump sprouts
were a major source of tree biomass production (67-93%) within small patch cuts ranging in size
from 0.04 ac to 4.9 ac. Similarly, Dietze and Clark (2008) found sprouts were a large portion of
the regeneration within gap sized openings ranging from 215 ft to 431 ft in North Carolina.
These results are anticipated because stump sprouts have the advantage over seedling
regeneration as a result of pre-developed root systems which offer stored energy reserves (Dietze
and Clark 2008; Atwood et al. 2009; Keyser and Zarnoch 2014; Keyser and Loftis 2015).
The stump sprout biomass significantly increased from 186 lbs/ac within the 8 ft cut
strips to 747 lbs/ac within the 16 ft cut strips. As mentioned previously when discussing total
standing crop biomass production, the increased stump sprout biomass on the wider cut strips
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would be attributed to the increased availability of light and other resources (Prevost and
Raymond 2012; Lhotka 2013).
The increased woody biomass production within the wider cut strips could also be related
to the species composition. Some species are better adapted to grow faster when increased light
and resources are available. The species composition can support differences in biomass
production within each cut strip width and at each site due to the silvics of individual species,
especially the shade tolerance and growth rate of each species. Phillips and Shure (1990)
reported that rapidly sprouting shade intolerant species grew faster among larger sized openings.
On the 16 ft wide cut strips, 85% of the stump sprout biomass production was associated with
fast growing shade intolerant species (i.e., yellow-poplar, black cherry, and black locust),
although these shade intolerant species only comprised 47% of the initial species composition.
Black cherry and yellow-poplar stump sprouts also exhibited increasing height of the dominant
sprout with increasingly wider cut strips (from the 8 ft cut strip to the 16 ft cut strip average
height for black cherry increased from 27.1 in to 44.7 in and yellow-poplar increased from 11.3
in to 37.7 in). Black cherry stump sprouts are known to be prolific, fast growing sprouters
especially in full sunlight (Marquis 1990) and can grow over three feet in height within the first
year growing season when adequate light conditions are present (Wendel 1975). Yellow-poplar
has been found to be capable of growing up to four feet within the first growing season in West
Virginia (Wendel 1975), while in North Carolina yellow-poplar was found to have a growth rate
that averaged 4.7 ft annually during the first six years (Beck 1990).
For this study, the dominant sprout height varied among cut strip widths for most shade
tolerant and intermediate species (i.e., northern red oak and spicebush). Phillips and Shure
(1990) also found most shade tolerant and shade intermediate species (i.e., oak species) sprouted
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consistently across opening sizes or better within smaller openings since these species are better
adapted to grow in reduced light levels. However, chestnut oak and red maple were an exception
in this study as the height of the dominant sprout increased with the width of the cut strip which
could be associated with the improved growth response young red maples and chestnut oaks
exhibit during increased light and resources (McQuilkin 1990; Walters and Yawney 1990).
Woody biomass from newly germinated seedlings was less important than stump sprouts,
contributing <7% of woody biomass among all cut strip widths. The width of the cut strip did
not significantly influence the amount of seedling biomass. Shure et al. (2006) found a large
number of seedlings present among all small patch cuts ranging in size from 0.04 ac to 4.9 ac;
however, seedlings were still <2% of the tree net primary productivity. Species composition of
seedlings among all cut strip widths was dominated by yellow-poplar and red maple, which is
attributed to the large, wind disseminated seed crops produced annually by these species (Beck
1990; Walters and Yawney 1990). Furthermore, viable seeds were most likely present within the
seedbank since yellow-poplar seeds remain viable for four to seven years and the carryover for
red maple is approximately two years (Beck 1990; Walters and Yawney 1990).
The cut strip width influenced the woody biomass production, but the results from this
study are only from the first year growing season and change could occur over time as the stand
progresses. Long term studies conducted on various sized small patch cuts indicated that larger
openings continued to have more biomass production for up to 10 years, 18 years, and 48 years
after the initial harvest (Smith 1981; Shure et al. 2006; Lhotka 2013). For example, Lhotka
(2013) reported a significant increase in basal area, total height, and quadratic mean diameter
with larger openings up to 48 years after harvest of small patch cuts ranging in size from 0.05 to
1.1 ac. Therefore, it is possible for this trend to continue as the stand progresses until canopy
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closure of the residual trees. Runkle and Yetter (1987) found the growth of canopy crowns
averaged 7.1 in/yr in mesic forests in Great Smokey Mountains National Park. Based on this
average growth rate, the canopy of the residual trees in the 8 ft cut strip would reach closure
within seven years from the initial strip thinning and canopy closure of the residual trees in the
16 ft cut strip thinning would occur in approximately 14 years after harvest. However, since
stems on the residual strips have branches already extending into the cut strips, the time will
likely be shorter. As the residual trees approach canopy closure, the light reaching the forest
floor would decline which would impact the biomass production within the cut strips over time.
Herbaceous vegetation responses among cut strip widths
The herbaceous layer produced a substantial amount of biomass during the first growing
season within the cut strips. Gilliam and Turrill (1993) found that during July the herbaceous
layer within approximately 20 year old stands on the Fernow Experimental Forest in Tucker
County, West Virginia yielded approximately 115 lbs/ac of biomass. This is less than half of the
average biomass production measured within the control in July for this study, but this difference
could be a result of the large portion of greenbrier within this study that was not present at the
Fernow. The biomass production from July in the control on the GS2 site, which had
considerably less greenbrier than the other two sites, was 92 lbs/ac. This measurement is
relatively similar to that found by Gilliam and Turrill (1993). The difference may also be
associated with a difference in sampling techniques as Gilliam and Turrill (1993) created
regression models to estimate herbaceous biomass and cover in non-harvested plots after only
harvesting herbaceous biomass in 20% of their subplots. Phillips and Shure (1990) found that
within 0.04 ac patch cuts in North Carolina, the herbaceous layer produced approximately 200
lbs/ac of biomass, which was less than half of the average biomass production measured within
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the 16 ft cut strip. When comparing the biomass production in the 16 ft cut strips on the GS2
(352 lbs/ac), which had less greenbrier, the biomass was still greater than the biomass measured
by Phillips and Shure (1990). This difference could be attributed to differences within sampling
techniques. Phillips and Shure (1990) estimated total herbaceous biomass by vegetation
harvesting, but used different sampling plot sizes for the herbaceous vegetation and the
vines/shrub vegetation. Additionally, after sampling herbaceous vegetation in July, August and
September, they estimated total herbaceous biomass by combining the highest monthly biomass
for each individual species. The herbaceous vegetation within the 16 ft cut strip produced a
monthly average of 468 lbs/ac of biomass which is a relatively small proportion compared to the
average yield of 3,600 lbs/ac of biomass produced on hay fields in West Virginia (NASS 2014).
Unlike the woody vegetation, the average total monthly herbaceous vegetation was not
significantly different among strip thinning widths. There was only a significant difference in
average monthly herbaceous biomass between the control (228 lbs/ac) and 16 ft cut strips (468
lbs/ac). Fredericksen et al. (1999) found that only intense harvesting significantly influenced the
cover of the herbaceous layer in Pennsylvania. The smaller width cut strips may not have
created enough of a disturbance to effect the herbaceous layer production. Even when individual
species groups were assessed, grass was the only category that had differences among cut strip
widths. The significant increase in grass biomass within the 16 ft cut strip (8.9 lbs/ac) compared
to the control (1.9 lbs/ac) and the 8 ft cut strip (4.3 lbs/ac) could be due to abundance of
deertongue (Dichanthelium clandestinum L.), which grows best under increased light and soil
moisture (Virginia Department of Conservation and Recreation 2011). Similar increases in grass
coverage following harvest has been noted by others (Metzger and Schultz 1984).
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Temporal sampling throughout the growing season is essential to account for seasonal
transitions among herbaceous vegetation (Small and McCarthy 2003). From a production
standpoint, ferns, grasses and forbs increased from May through August before dropping off in
September, although shifts were only significant for grasses. Consistent with these results,
Yorks and Dabydeen (1999) reported that understory vascular plant cover increased through the
growing season and peaked in August before dramatically declining in Garrett County,
Maryland.
The lack of significant difference in response of the herbaceous vegetation among cut
strip widths could partly be due to the seasonal transitions within the herbaceous vegetation.
Spring and early summer wildflowers (i.e., violets, wild sarsaparilla, Jack-in-the-pulpit, Indian
cucumber, and false Solomon’s seal) were more abundant early in the growing season. The
spring and early summer wildflowers transitioned into mid-summer and late summer forbs (i.e.,
asters, nettles, lobelias, bedstraws, and goldenrods) (Newcomb and Morrison 1977). Few
species showed trends among cut strip widths, but violets, nettles, goldenrods, and asters were
the major forb species present throughout the growing season among all cut strip widths.
Similarly, Elliott et al. (1997) reported goldenrods, white snakeroot (Ageratina altissima [L.]
R.M. King & H. Rob.), violets and asters were the dominant forb species after harvest in a
mixed-oak hardwood forest in North Carolina. The treatment X month interaction within the
forb species group would likely be associated with the greater coverage of wood nettles present
within the 16 ft cut strips compared to the control plots and narrower cut strips. Wood nettles are
considered light generalist species that reproduce sexually and asexually and have the ability to
outgrow competition when light and resources are increased (Biederman 2000). These life
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history characteristics allow wood nettles to increase in abundance after small forest disturbances
(Biederman 2000).
Although not significant, the vine/semi-woody shrub species group declined throughout
the growing season. The decline in vine/semi-woody shrub biomass was associated with
declines in greenbrier biomass since greenbrier accounted for most of the herbaceous vegetation
throughout the growing season. As greenbrier was clipped during sampling, other sections of the
plant outside of the plot were killed, which possibly lead to the overall decline in vine/semiwoody shrub biomass over the growing season. Greenbrier coverage varied among cut strip
widths from May through September. Greenbrier is considered a pioneer species, but can also
grow well in shaded understories (Smith 1974). Rubus spp. was the second most abundant
vine/semi-woody shrub species sampled, but Rubus spp. contributed substantially less to the
vine/semi-woody shrub species group compared to greenbrier. It is common for Rubus spp. to
grow after a harvest as dormant seeds are stored in the forest floor (Horsley and Marquis 1983).
The increase in Rubus spp. during late summer and within the wider cut strips could be attributed
to the rapid growth and shade intolerance of Rubus spp. (Donoso and Nyland 2006).
The presence of ferns increased throughout the growing season until declining in
September which is common (Horsley 1993). Fern coverage varied among cut strip widths, but
had generally more coverage within all cut strips widths compared to the control plots. The large
fern biomass in the 12 ft cut strip (Table A-2) was a result of several large interrupted ferns
sampled on the GS2 site, which may have contributed to the inconsistent trends seen among cut
strip widths. Shure et al. (2006) found New York fern to be present among all small patch cut
sizes and the control. Many fern species are able to respond quickly to increased light levels and
resources after a disturbance, which can create dense patches of ferns (Engelman and Nyland
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2006). This could justify why fern coverage was greater among all strip thinning widths
compared to the control.
The results from the herbaceous vegetation varied drastically among sites within this
study. Inconsistent responses in production and species richness of the herbaceous layer to
disturbances have shown that the herbaceous layer response is dependent on specific site
conditions (Roberts and Gilliam 2014). Greenbrier and ferns dominated different sites, which
created differences in the herbaceous biomass among sites. Based on the high abundance of ferns
and greenbrier on the sites after the first growing season, it appears that these species have the
potential to outcompete the forbs and grass species over time, limiting the availability of forbs
and grass to wildlife.
The increase in herbaceous vegetation within the different width strip thinning created
important benefits for wildlife (Greenberg et al. 2011a). Forbs and grass can provide food and
cover for many species of wildlife including black bears, songbirds, and small mammals (Askins
2001; Yarrow 2009; McGuire and Rupp 2013). Grass and grass seed can be an important food
source for wild turkey throughout the year (Schroeder 1985). Grass and herbaceous plants
consist of a significant proportion of the diet for eastern cottontail rabbits (Allen 1984). The
large amount of biomass associated with greenbrier can also provide benefits to wildlife. In
addition to greenbrier providing cover for many wildlife species, the berries of greenbrier
provide food for many game and non-game bird species, while deer and rabbits are known to eat
the leaves and succulent young portions of the vine, especially when other food sources are
scarce (Smith 1974). Rubus spp., which was the second most abundant vine/semi-woody shrub
species produced, is another important plant species for wildlife. Once mature. Rubus spp. will
provide berries for many species of game (i.e., wild turkeys and grouse) and nongame birds
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(i.e., northern cardinals [Cardinalis cardinalis] and American robins [Turdus migratorius]),
raccoons (Procyon lotor), black bears (Core 1974). The thorny thickets of Rubus spp. also
provide cover for birds, rabbits, and other small mammals as well as nesting habitat for some
species of birds (Core 1974). The food and cover resources will remain available to wildlife
until the herbaceous layer changes as the canopy of the residual trees closes.
The herbaceous layer is expected to remain for several years after strip thinning before
the canopy closes and light is reduced on the forest floor. This is expected to happen sooner
among the smaller width cut strips. Gilliam (2002) found that the herbaceous layer returned to
similar pre-harvest composition within 20 years after extensive clearcutting in mature forests. If
the herbaceous layer can return to pre-harvest conditions following a more intensive harvesting
practice within 20 years, it can be expected that the herbaceous vegetation within small cut strips
would be lost rather quickly. Yorks and Dabydeen (1999) suggested that diversity may be
slightly elevated for several years after harvest until the canopies start to close or a few species
become very dominant. If extension of the herbaceous layer for wildlife benefit is a desired
management goal, repeated strip thinning applications may be required in the future.
Species richness
Woody species richness
In addition to biomass production, another important aspect of early vegetation recovery
to consider is species richness. The species richness of the woody vegetation at the treatment
plot scale did not vary between cut strip widths and control plots, but species richness at the
subplot (strip) scale was significantly higher in the 16 ft cut strips compared to the control. Since
species richness is correlated to the sampling area (Magurran 1988), this is not a true comparison
of species richness of the woody vegetation and results should only be considered a point of
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reference since the size of the sampling plots varied among cut strip widths (sampling plots of
cut strips were five feet by the width of the cut strip) and the control plots (1/100th ac). The
species richness in the control was likely an accurate representation of the species richness due to
the larger sampling area, while the species richness within the cut strips may not have been large
enough to sample all species. Despite this, the species richness was still greater within the 16 ft
cut strips compared to the control at the subplot (strip) scale. However, the species richness of
stump sprouts ultimately is influenced by the initial stand composition (Keyser and Zarnoch
2014). Therefore, the species richness of the woody vegetation was partially limited to the
variety of species within the initial stand. Seedlings only accounted for two additional species
not present within the initial stand composition, staghorn sumac (Rhus typhina L.) and devil’s
walkingstick, representing pioneer-type species that thrive in disturbed sites with plenty of light
available (Sullivan 1992; Sullivan 1994). The addition of these two species provided enough of
a difference for the species richness to be significantly greater in the 16 ft cut strips compared to
the control. Black oak was the only species in the initial stand composition that was not sampled
in the stump sprouts or seedlings reproduction. However, black oak only accounted for 1% of
the initial species composition on the GS1 site.
Herbaceous species richness
The species richness of the herbaceous vegetation was not significantly different among
cut strip widths. Similarly, Fredericksen et al. (1999) found that harvesting intensity had
minimal effects on understory plant species richness in post-harvested plots. However, they did
note shifts in species composition to more shade intolerant plant species were seen among forest
stands with larger disturbances (i.e., clearcuts) in Pennsylvania. For the cut strips, the species
composition shifted more within the wider cut strips. Some species (i.e., wood sorrel and
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lobelias) were present only on the 16 ft cut strips. The significant treatment and month
interaction found for the species richness as the subplot (strip) level may have been associated
with the growth of the additional species that were only present within the 16 ft cut strips. This
lead to the increase in species richness within the 16 ft cut strips later in the growing season,
while the species richness in the control plots declined throughout the growing season. Belote et
al. (2012) also reported greater shifts in species composition following more intense disturbances
in West Virginia and Virginia. Therefore, the 8 ft and 12 ft cut strip widths may not have
provided a large enough of a disturbance to shift the species composition and the lack of
disturbance within the control may have led to the decline in species richness as new disturbance
adapted species were not present.
The lack of differences in herbaceous species richness may have been a consequence of
the plot size and number of samples taken within this study. Small and McCarthy (2003) found
that the size and number of samples were extremely important when trying to accurately quantify
herbaceous species abundance measures within understory vegetation and suggested the minimal
sampling area to be 0.04-0.05 ac to adequately represent micro-scale species richness. Due to
limitations within the study design, the total area sampled monthly for herbaceous vegetation
was 0.01 ac, which resulted in an area of 0.002 ac sampled within each treatment (control plots
and 8 ft, 12 ft, and 16 ft cut strips). This means the total species richness is likely higher than
what was sampled. The herbaceous species richness sampled also only accounted for the
herbaceous response during the first year. Overtime, herbaceous species richness will likely
change, but these preliminary first year results show that at least a 16 ft wide strip thinning
application has the potential to develop a more diverse stand.
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Impact of wildlife on biomass production
The presence of browse on stump sprouts within this study indicated that the strip
thinning was attractive to deer. However, there was no trend in the amount of browse among cut
strip widths to indicate deer preferred one cut strip width over another. Turcotte et al (2014)
found that deer tend to favor woody vegetation over herbaceous vegetation due to the apparency
of the woody vegetation. The greater apparency of the woody vegetation would be associated
with the earlier development and larger size of the stump sprouts, making the sprouts more
noticeable by standing above surrounding vegetation (Buckley 2002; Strauss et al. 2015).
Browse of stump sprouts was concentrated on the JH site as 79% of sprouts were browsed
compared to the GS1 (40%) and GS2 (49%) sites. This does not imply deer preferred the JH
site, rather it may have been that deer already occupied the JH site and repeatedly browsed the
same area rather than evenly across sites. The JH site had the highest percent browse and also
the lowest stump sprout biomass demonstrating the influence heavy deer browse can have on
stump sprouts.
Field observations revealed that browse also influenced both the average height of the
dominant sprout per stump and the average number of sprouts per stump. The average height of
the dominant sprout was greatly influenced by the browse, especially on spicebush, red maple,
northern red oak and black birch as some were browsed down to the stump. The average number
of stump sprouts per stump was considerably higher for stumps that received heavy browse.
Consistent with this result, Forrester et al. (2014) stated that deer browse affected sprout
composition and growth rate as deer prevented the growth of sprouts of palatable species over a
four year period within small canopy gaps ranging in size from 0.01 ac to 0.09 ac.
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The high percentage of browse was concentrated on several species of stump sprouts,
including northern red oak, red maple, spicebush and sourwood. Northern red oak, red maple,
and sourwood are considered highly preferred by deer (Johnson et al. 1995; Wakeland and
Swihart 2009). Deer have been known to browse spicebush, although it is not highly preferred
by deer (Wood 1974). However, the berries produced by spicebush in the fall are an important
source of food for many bird species (Wood 1974). The leaves of the woody species provide
nutritional value to deer through summer until leaf fall and the twigs and buds provide food
during winter (Short 1986).
Little evidence of browse was found on the herbaceous vegetation, but this does not
mean that browse did not occur. Deer tend to consume the flowers and fruits of herbaceous
plants rather than the entire plant (Gilliam 2014), which would increase the difficulty of
detecting browse. Field observations confirmed the herbaceous layer provided benefit to
wildlife. White-tailed deer, ruffed grouse, and eastern cottontail rabbits were observed utilizing
particularly thick areas of greenbrier as cover during sampling. These results indicate that strip
thinning, regardless of cut strip width, has the potential to provide benefit for wildlife.
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CONCLUSIONS
Though little research has been conducted on strip thinning within young natural
hardwoods, the first year results from this study offer insight and predictions into the early
biomass production, which is essential in assessing the viability of strip thinning. Strip thinning
has potential to provide several management opportunities. Although not evaluated here,
thinning could accelerate growth of the residual trees. Strip thinning could also generate
biomass for use as a woody cellulosic feedstock. Another aspect to consider with strip thinning
in young stands is the possibility of creating benefits for wildlife through formation and
maintenance of early successional habitat. However further research would still be needed to
determine if any or all of these possibilities are viable.
Although the results from this study indicate that the cut strip width has the ability to
influence the biomass production within the cut strips, these results are only from the first year
growing season. Continued monitoring of the biomass production over upcoming years would
be necessary to determine if these trends will be maintained as the stand ages and if the
possibility exists for additional harvests of biomass in the cut strips. Canopy closure of the
residual strips will likely be one of the main limiting factors as to how long biomass production
within the cut strips could be maintained.
The 16 ft wide strip thinning produced the most biomass, and therefore would have the
best opportunity for creation of a bioenergy feedstock. However, several sources have proposed
that a bioenergy feedstock would need to produce 8 to 10 dry tons/acre/year of woody biomass to
be considered a feasible system if the primary goal was sustained biomass production (Heller et
al. 2003; Hinchee et al. 2009). The productivity within this strip thinning system, even within
the 16 ft cut strip, was well below meeting this productivity standard. However, a large portion
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of the 8 to 10 dry tons/acre/year of woody biomass within a sustainable woody feedstock would
be for offsetting the costs of planting the woody crop. Consideration and further research would
be needed since strip thinning in natural hardwood stands would not generate planting costs and
strip thinning would be a dual purpose management strategy centered on the future commercial
value of the residual trees, while the bioenergy feedstock could be a means to generate income
primarily to offset the costs of the thinning.
Heavy deer browse monitored among all cut strip widths would most likely be one of the
main limiting factors to adequate biomass production for bioenergy conversion. The heavy
presence of browse influenced the total amount of biomass that was produced within the first
growing season. Not only was the biomass production reduced through browse, but the quality
of the sprouts that grew back was reduced. If the management goals are centered primarily on an
economical biomass production system for conversion into bioenergy with minimal concern for
wildlife benefit, then additional steps may be needed to assist with mitigating the effects of
browse. Heavy deer browse on sprouts and seedlings has also been shown to increase the cover
of hay-scented fern since deer avoid consuming ferns, which in turn can allow the ferns to
outcompete the woody regeneration (Fei et al. 2010). With the large abundance of fern already
present within some of the cut strips, this could lead to a problem for stump sprout and seedling
development in the future.
Conversely, from a wildlife perspective, first year biomass production provided evidence
that strip thinning in young hardwood stands would likely be valuable to wildlife. Early
successional habitat was increased within the cut strips, which can provide many benefits for
wildlife. The herbaceous species richness increased over the growing season in the 16 ft cut
strip, which provided new plant species that otherwise would likely not be present. In addition to
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wildlife benefits from the herbaceous layer, the woody biomass also produced food for deer.
This was evident in the high percentage of browse observed in the field, especially among
northern red oak, red maple, spicebush and sourwood sprouts. The early successional habitat
created by strip thinning will continue to provide food and cover resources for wildlife for a few
years and repeated strip thinning could help to maintain the early successional habitat in the
future. The food and cover resources that were available after strip thinning would be suitable
for several species of wildlife, including white-tailed deer, eastern cottontails, and ruffed grouse
(Allen 1984; Schroeder 1985; Short 1986; Dessecker and McAuley 2001; Litvaitis 2001). From
a recreational standpoint, not only does strip thinning provide food and cover to attract wildlife,
but the cut strips also create shooting lanes for hunters and open areas for wildlife viewing
opportunities within young forest stands that could otherwise be challenging to hunt due to the
high tree densities.
Ultimately, the results of this study are dependent on the specific site characteristics of
the researched hardwood stands. Aspect, slope, microclimate conditions, and drought are only
some of the factors that can guide regeneration (Prevost and Raymond 2012). Variation within
natural microsite conditions such as pits and mounds can also contribute to dissimilarities in
results among opening sizes (Clinton 2003). Therefore, variation in results could be anticipated
among other studies as many factors in addition to the width of the cut strip are capable of
influencing the biomass production. This further illustrates the need for additional research to be
conducted on different sites before the applicability of strip thinning is truly understood.

75

LITERATURE CITED

Allen, A. W. 1984. Habitat suitability index model: Eastern cottontail. U.S. Fish Wildl. Serv.
FWS/OBS-82/10.66. 23 pp.
Askins, R. A. 2001. Sustaining biological diversity in early successional communities: the
challenge of managing unpopular habitats. Wildlife Society Bulletin. 29(2): 407-412.
Atwood, C. J., T. R. Fox, and D. L. Loftis. 2009. Effects of alternative silviculture on stump
sprouting in the southern Appalachians. Forest Ecology and Management. 257: 1305-1313.
Beck, D. E. 1990. Liriodendron tulipifera L. Yellow-poplar. In Burns, Russell M., and Barbara
H. Honkala, tech. coords. 1990. Silvics of North America: 2. Hardwoods. Agriculture Handbook
654. USDA, Forest Service, Washington, DC. vol.2, 877 p.
Belote, R. T., R. H. Jones, and T. F. Wieboldt. 2012. Compositional stability and diversity of
vascular plant communities following logging disturbance in Appalachian forest. Ecological
Applications 22(2): 502-516.
Biederman, L. A. 2000. Response of wood nettle (Laportea canadensis)to Euro-American landuse in southeast Minnesota. Diss. University of Minnesota. Accessed online December 8, 2015:
http://www.academia.edu/5765287/Response_of_wood_nettle_Laportea_canadensis_to_EuroAmerican_land-use_in_southeast_Minnesota.
Buckley, D. S. 2002. Field performance of high-quality and standard northern red oak seedlings
in Tennessee. Gen. Tech. Rep. SRS–48. Asheville, NC: U.S. Department of Agriculture, Forest
Service, Southern Research Station. pg. 323-327.
Burns, J. and K. J. Puettmann. 1996. Strip thinning and spacing increases tree growth of young
black spruce. North. J. Appl. For. 13(2): 68-72.
Cain, M. D. 1993. Ten-year results from precommercial strip-thinning: paradigm lost or
reinforced? South. J. Appl. For. 17(1): 16-21.
Cain, M. D. 1996. Growth expectations from alternative thinning regimes and prescribed burning
in naturally regenerated loblolly-shortleaf pine stands through age 20. Forest Ecology and
Management. 81: 227-241.
Cain, M. D. and M. G. Shelton. 2003. Effects of alternative thinning regimes and prescribed
burning in natural, even-aged loblolly-shortleaf pine stands: 25 year results. South. J. Appl. For.
27(1): 18-29.
Campbell, T. A., B. R. Laseter, W. M. Ford, R. H. Odom, and K. V. Miller. 2006. Abiotic
factors influencing deer browse in West Virginia. Northern Journal of American Forestry.
23(1): 20-26.
76

Caputo, J. 2014. Understanding and assessing the sustainability of woody biomass production in
the northeastern United States. Diss. State University of New York. Accessed online October 3,
2015: http://gradworks.umi.com/36/28/3628500.html.
Clinton, B. D. 2003. Light, temperature, and soil moisture responses to elevation, evergreen
understory, and small canopy gaps in the southern Appalachians. Forest Ecology and
Management. 186: 243-255.
Core, E. L. 1974. Brambles: Allegheny blackberry, blackcap raspberry, Canadian or thornless
blackberry, flowering raspberry, northern dewberry, red raspberry, swamp groundberry. In Gill,
J. D., Healy, W. M. compilers. 1974. Shrubs and vines for northeastern wildlife. Gen Tech.
Report. NE-9. Upper Darby, PA: USDA, Forest Service, Northeastern Forest Experiment
Station. Pp. 16-19.
Cote, S. E., T. P. Rooney, J. P. Tremblay, C. Dussault, and D. M. Waller. 2004. Ecological
impacts of deer overabundance. Annual Review of Ecology, Evolution, and Systematics. 35:
113-147.
Cretaz, A. L. de la, and M. J. Kelty. 2002. Development of tree regeneration in fern-dominated
forest understories after reduction of deer browsing. Restoration Ecology. 10(2): 416-426.
de Graaf, M. F. 2003. Herbaceous-layer species composition and dynamics in leave patches
before and after clearcut harvesting of surrounding forest. M.Sc. thesis, University of New
Brunswick, Fredericton, New Brunswick, Canada. 208 p.
DeGraaf, R. M. and M. Yamasaki. 2003. Options for managing early-successional forest and
shrubland bird habitats in the northeastern United States. Forest Ecology and Management. 185:
179-191.
Deluca, T., M. A. Fajvan, and G. Miller. 2009. Diameter-limit harvesting: Effects of residual
trees on regeneration dynamics in Appalachian hardwoods. North. J. Appl. Forestry 26(2): 5260.
Dessecker, D. R. and D. G. McAuley. 2001. Importance of early successional habitat to ruffed
grouse and American woodcock. Wildlife Society Bulletin. 29(2): 456-465.
Dietze, M. C. and J. S. Clark. 2008. Changing the gap dynamics paradigm: vegetative
regeneration control on forest response to disturbance. Ecological Monographs. 78(3): 331-347.
Donoso, P. J. and R. D. Nyland. 2006. Interference to hardwood regeneration in Northeaster
North America: The effects of raspberries (Rubus spp.) following clearcutting and shelterwood
methods. North. J. Appl. For. 23(4): 288-296.
Elliott, K. J., J. M. Vose, J. D. Knoepp, B. D. Clinton, and B. D. Kloeppel. 2015. Functional role
of the herbaceous layer in eastern deciduous forest ecosystems. Ecosystems. 18: 221-236.
77

Elliott, K. J., L. R. Boring, W. T. Swank, and B. R. Haines. 1997. Successional changes in plant
species diversity and composition after clearcutting a Southern Appalachian watershed. Forest
Ecology and Management. 92: 67-85.
Engelman, H. M. and R. D. Nyland. 2006. Interference to hardwood regeneration in Northeastern
North American: Assessing and countering fern interference. North. J. Appl. For. 23(3): 166175.
Fajvan, M. A., K. E. Knipling, and B. D. Tift. 2002. Damage to Appalachian hardwoods from
diameter-limit harvesting and shelterwood establishment cutting. North. J. Appl. Forestry 19(2):
80-87.
Fei, S., P. Gould, M. Kaeser, and K. Steiner. 2010. Distribution and dynamics of the invasive
native hay-scented fern. Weed Science. 58: 408-412.
Forest Inventory and Analysis (FIA). 2013. Accessed online October 13, 2014:
http://apps.fs.fed.us/fido/standardrpt.html.
Forrester, J. A., C. G. Lorimer, J. H. Dyer, S. T. Gower, and D. J. Mladenoff. 2014. Response of
tree regeneration to experimental gap creation and deer herbivory in north temperate forests.
Forest Ecology and Management. 329: 137-147.
Franklin, O., K. Aoki, and R. Seidl. 2009. A generic model of thinning and stand density effects
on forest growth, mortality and net increment. Ann. For. Sci. 66: 815p1 – 815p11.
Fredericksen, T. S., B. D. Ross, W. Hoffman, M. L. Morrison, J. Beyea, B. N. Johnson, M. B.
Lester, and E. Ross. 1999. Short-term understory plant community responses to timberharvesting intensity on non-industrial private forestlands in Pennsylvania. Forest Ecology and
Management. 116: 129-139.
Gilliam, F. S. 2002. Effects of harvesting on herbaceous layer diversity of a central Appalachian
hardwood forest in West Virginia, USA. Forest Ecology and Management. 155: 33-43.
Gilliam, F. S. 2007. The ecological significance of the herbaceous layer in temperate forest
ecosystems. Bioscience. 57(10): 845-858.
Gilliam, F. S. 2014. The Herbaceous Layer in Forests of Eastern North American, 2nd Ed. Oxford
University Press. New York, New York. 658 pp.
Gilliam, F. S. and N. L. Turrill. 1993. Herbaceous layer cover and biomass in a young versus a
mature stand of a central Appalachian hardwood forest. Bulletin of the Torrey Botanical Club.
120(4): 445-450.

78

Gilliam, F. S., N. L. Turrill, and M. B. Adams. 1995. Herbaceous-layer and overstory species
on clear-cut and mature central Appalachian hardwood forests. Ecological Applications. 5(4):
947-955.
Gonzalez-Garcia, S., M. T. Moreira, G. Feijoo, and R. J. Murphy. 2012. Comparative life cycle
assessment of ethanol production from fast-growing wood crops (black locust, eucalyptus and
poplar. Biomass and Bioenergy. 39: 378-388.
Gould, P. J., S. Fei, and K. C. Steiner. 2007. Modeling sprout-origin oak regeneration in the
central Appalachians. Can. J. For. Res. 37: 170-177.
Greenberg, C. H., B. Collins, F. R. Thompson III, and W. H. McNab. 2011a. Sustaining young
forest communities: Ecology and management of early successional habitats in the Central
Hardwood Region, USA. Springer Science and Business Media. London, New York.
Greenberg, C. H., R. W. Perry, C. A. Harper, D. J. Levey, and J. M. McCord. 2011b. The role of
young, recently disturbed upland hardwood forest as high quality food patches. In Greenberg, C.
H., B. Collins, F. R. Thompson III, and W. H. McNab. 2011. Sustaining young forest
communities: Ecology and management of early successional habitats in the Central Hardwood
Region, USA. Springer Science and Business Media. London, New York.
Hamilton, Jr., T. S. Sassafras. In Gill, J. D., Healy, W. M. compilers. 1974. Shrubs and vines for
northeastern wildlife. Gen Tech. pp. 122-125.
Heller, M. C., G. A. Keoleian, and T. A. Volk. 2003. Life cycle assessment of a willow
bioenergy cropping system. Biomass and Bioenergy 25: 147-165.
Hinchee, M., W. Rottmann, L. Mullinax, C. Zhang, S. Chang, M. Cunningham, L. Pearson, and
N. Nehra. 2009. Short-rotation woody crops for bioenergy and biofuels applications. In Vitro
Cellular & Developmental Biology, Plant. 45(6): 619-629.
Horsley, S. B. 1993. Role of allelopathy in hay-scented fern interference with black cherry
regeneration. J. Chem. Ecol. 19(11): 2737-2755.
Horsley, S. B. and D. A. Marquis. 1983. Interference by weeds and deer in Allegheny hardwood
reproduction. Can. J. For. Res. 13: 61-69.
Jenkins, M. A. and G. R. Parker. 2000. The response of herbaceous-layer vegetation to
anthropogenic disturbance in intermittent stream bottomland forests of southern Indiana, USA.
Plant Ecology. 151(2): 223-237.
Johnson, A. S., P. E. Hale, W. M. Ford, J. M. Wentworth, J.R. French, O. F. Anderson, and G. B.
Pullen. 1995. White-tailed deer foraging in relation to successional stage, overstory type and
management of southern Appalachian forests. American Midland Naturalist. 133(1): 18-35.

79

Keyser, T. L. 2011. Carbon dynamics following the creation of early successional habitats in
forests of the central hardwood region. In Greenberg, C. H., B. Collins, F. R. Thompson III, and
W. H. McNab. 2011. Sustaining young forest communities: Ecology and management of early
successional habitats in the Central Hardwood Region, USA. Springer Science and Business
Media. London, New York.
Keyser, T. L. and D. L. Loftis. 2015. Stump sprouting of 19 upland hardwood species one year
following initiation of a shelterwood with reserves silvicultural system in the southern
Appalachian Mountains, USA. New Forests. 46: 449-464.
Keyser, T. L. and S. J. Zarnoch. 2014. Stump sprout dynamics in response to reductions in stand
density for nine upland hardwood species in the southern Appalachian Mountains. Forest
Ecology and Management. 319: 29-35.
Kraft, L. S., T. R. Crow, D. S. Buckley, E. A. Nauertz, and J. C. Zasada. 2004. Effects of
harvesting and deer browse on attributes of understory plants in northern hardwood forests,
Upper Michigan, USA. Forest Ecology and Management. 199: 219-230.
Lhotka, J. M. 2013. Effect of gap size on mid-rotation stand structure and species composition in
a naturally regenerated mixed broadleaf forest. New Forests. 44: 311-325.
Litvaitis, J. A. 2001. Importance of early successional habitats to mammals in eastern forests.
Wildlife Society Bulletin. 29(2): 466-473.
Magurran, A. E. 1988. Ecological diversity and its measurements. Princeton University Press,
Princeton, New Jersey. 177 p.
Marquis, D. A. 1990. Prunus serotina Ehrh. Black cherry. In Burns, Russell M., and Barbara H.
Honkala, tech. coords. 1990. Silvics of North America: 2. Hardwoods. Agriculture Handbook
654. USDA, Forest Service, Washington, DC. vol.2, 877 p.
McEwan, R. W. and R. N. Muller. 2011. Dynamics, diversity, and resource gradient
relationships in the herbaceous layer of an old-growth Appalachian forest. Plant Ecology. 212:
1179-1191.
McGuire, B. and S. Rupp. 2013. Perennial herbaceous biomass production and harvest in the
Prairie Pothole Region of the Northern Great Plains. National Wildlife Federation. Accessed
online October 7, 2015: www.nfw.org/pdf/Wildlife/BiomassBMGPPR.pdf.
McQuilkin, R. A. 1990. Quercus prinus L. Chestnut oak. In Burns, Russell M., and Barbara H.
Honkala, tech. coords. 1990. Silvics of North America: 2. Hardwoods. Agriculture Handbook
654. USDA, Forest Service, Washington, DC. vol.2, 877 p.
Metzger, F. and J. Schultz. 1984. Understory response to 50 years of management of a northern
hardwood forest in upper Michigan. The American Midland Naturalist. 112(2): 209-223.
80

Miller, B. F., T. A. Campbell, B. R. Laseter, W. M. Ford, and K. V. Miller. 2009. White-tailed
deer herbivory and timber harvesting rates: Implications for regeneration success. Forest
Ecology and Management. 258: 1067-1072.
Muscolo, A. M. Sidari, and R. Mercurio. 2007. Influence of gap size on organic matter
decomposition, microbial biomass and nutrient cycle in Calabrian pine stands. Forest Ecology
and Management. 242: 412-418.
National Agricultural Statistics Service (NASS). 2014. 2014 State Agriculture Overview: West
Virginia. United States Department of Agriculture, National Agricultural Statistics Service.
Accessed online October 26, 2015:
http://www.nass.usda.gov/Quick_Stats/Ag_Overview/stateOverview.php?state=WEST%20VIR
GINIA.
Nebeker, T. E., J. D. Hodges, D. K. Karr, and D. M. Moehring. 1986. Thinning practices in
southern pines – with pest management recommendations. USDA Forest Service, Tech. Bull.
No. 1703.
Newcomb, L. and G. Morrison. 1977. Newcomb’s wildflower guide. Little Brown. New York,
NY. 480 pp.
Nyland, R. D. 2002. Silviculture: Concepts and Applications. 2nd ed. Waveland Press, Inc. Long
Grove, IL. 682 pp.
O’Hara, K. L. 2004. Forest stand structure and development: implications for forest
management. USDA Forest Service. Gen. Tech. Rep. PSW-GTR-193. Pp. 115-118.
Peterson, D. L. and G. L. Rolfe. 1982. Nutrient dynamics of herbaceous vegetation in upland
and floodplain forest communities. American Midland Naturalist. 107(2): 325-339.
Phillips, D. L. and D. J. Shure. 1990. Patch-size effects of early succession in southern
Appalachian forests. Ecology 71(1): 204-212.
Prendeville, H. R., J. C. Steven, and L. F. Galloway. 2015. Spatiotemporal variation in deer
browse and tolerance in a woodland herb. Ecology. 96(2): 471-478.
Prevost, M. and P. Raymond. 2012. Effect of gap size, aspect and slope of available light and
soil temperature after patch-selection cutting in yellow birch-conifer stands, Quebec, Canada.
Forest Ecology and Management. 270: 210-221.
Puettmann, K. J., D. K. Coates, and C. C. Messier. 2008. Critique of Silviculture: Managing for
Complexity. Washington D. C., USA: Island Press. 190 pp.
Rafaschieri, A., M. Rapaccini, and G. Manfrida. 1999. Life cycle assessment of electricity
production from poplar energy crops compared with conventional fossil fuels. Energy
Conversion & Management. 40: 1477-1493.
81

Ristau, T. E., S. B. Horsley, and L. H. McCormick. 2001. Sampling to assess species diversity
of herbaceous layer vegetation in Allegheny hardwood forest. Journal of the Torrey Botanical
Society. 128(2): 150-164.
Roberts, M. R. and F. S. Gilliam. 2014. Response of the herbaceous layer to disturbance in
eastern forests. In Gilliam, F. S. 2014. The Herbaceous Layer in Forests of Eastern North
American, 2nd Ed. Oxford University Press. New York, New York. pp. 321-339.
Rogers, R. S. 1982. Early spring herb communities in mesophytic forests of the Great Lakes
region. Ecology 63(4): 1050-1063.
Rooney, T. P. and D. M. Waller. 2003. Direct and indirect effects of white-tailed deer in forest
ecosystems. Forest Ecology and Management. 181: 165-176.
Rose, S. K. and D. Chapman. 2003. Timber harvest adjacency economies, hunting, species
protection, and old growth value: seeking the dynamic optimum. Ecological Economics. 44:
325-344.
Rummer, B., E. Carter, B. Stokes, and J. Klepac. 1997. Strips, clearcuts, and deferment cuts:
Harvest costs and site impacts for alternative prescriptions in upland hardwoods. In Meyer, D.
A., ed. Proceedings of the twenty-fifth annual hardwood symposium. Cashiers, NC. Memphis,
TN. 103-112.
Runkle, J. R. and T. C. Yetter. 1987. Treefalls revisited: gap dynamics in the southern
Appalachians. Ecology. 68(2): 417-424.
Russel, F. L., D. B. Zippin, and N. L. Fowler. 2001. Effects of white-tailed deer (Odocoileus
virginianus) on plants, plant populations, and communities: A review. American Midland
Naturalist. 146(1): 1-26.
Sands, B. A. and M. D. Abrams. 2009. Effects of stump diameter on sprout number and size for
three oak species in a Pennsylvania clearcut. North. J. Appl. For. 26(3): 122-125.
Schroeder, R. L. 1985. Habitat suitability index models: Eastern wild turkey. U.S. Fish Wildl.
Serv. Biol. Rep. 82(10.106). 33 pp.
Seguin, A. 2011. How could forest trees play an important role as feedstock for bioenergy
production? Current Opinion in Environmental Sustainability. 3: 90-94.
Shields, J. M., and C. R. Webster. 2007. Ground-layer response to group selection with legacytree retention in a managed northern hardwood forest. Canadian Journal of Forest Research.
37(10): 1797-1807.
Short, H. L. 1986. Habitat suitability index models: White-tailed deer in the Gulf of Mexico and
South Atlantic coastal plains. U.S. Fish Wildl. Serv. Biol. Rep. 82(10.123). 36 pp.
82

Shure, D. J., D. L. Phillips, and P. E. Bostick. 2006. Gap size and succession in cutover
southern Appalachian forests: an 18 year study of vegetation dynamics. Plant Ecology, 185(2):
299-318.
Small, C. J., and B. C. McCarthy. 2003. Spatial and temporal variability of herbaceous
vegetation in an eastern deciduous forest. Plant Ecology. 164(1): 37-48.
Smith, H. C. 1981. Diameters of clearcut openings influence central Appalachian hardwood stem
development- a 10 year study. USDA, Forest Service. Research Paper NE-476.
Smith, R. L. 1974. Greenbriers: common greenbrier, cat greenbrier. In Gill, J. D., Healy, W. M.
compilers. 1974. Shrubs and vines for northeastern wildlife. Gen Tech. Report. NE-9. Upper
Darby, PA: USDA, Forest Service, Northeastern Forest Experiment Station. pp 54-55.
Soil Survey Staff, Natural Resources Conservation Service, United States Department of
Agriculture. Web Soil Survey. Accessed online October 2, 2015:
http://websoilsurvey.nrcs.usda.gov/.
Strauss, S. Y., N. I. Cacho, M. W. Schwartz, and K. C. Burns. 2015. Apparency revisited.
Entomologia Experimentalis et Applicata. 157: 74-85.
Swanson, M. E., J. F. Franklin, R. L. Beschta, C. M. Crisafulli, D. A. DellaSala, R. L. Hutto, D.
B. Lindenmayer, and F. J. Swanson. 2011. The forgotten stage of forest succession: earlysuccessional ecosystems on forest sites. Frontiers in Ecology and the Environment. 9(2): 117125.
Touchan, R. 1991. Effects of coppice thinning on growth and yield of emory oak sprouts in
southeastern Arizona. Diss. University of Arizona, 1991. Accessed online October 3, 2015:
http://arizona.openrepository.com/arizona/handle/10150/185736.
Turcotte, M. M., T. J. Davies, C. J. M. Thomsen, and M. T. J. Johnson. 2014. Macroecological
and macroevolutionary patterns of leaf herbivory across vascular plants. Proceedings of the
Royal Society. 281: 1-7.
USDA, NRCS. 2015. The PLANTS Database. National Plant Data Team, Greensboro, NC
27401-4901 USA. Accessed online December 7, 2015: http://plants.usda.gov.
Virginia Department of Conservation & Recreation. 2011. Native Plants for Conservation.
Restoration, & Landscaping. Natural Heritage Program. Accessed online October 26, 2015:
http://www.dcr.virginia.gov/natural-heritage/documents/riparian-nat-plants.pdf.
Wakeland, B. and R. K. Swihart. 2009. Ratings of white-tailed deer preferences for woody
browse in Indiana. Proceedings of the Indiana Academy of Science. 118(1): 96-101.

83

Waller, D. M. 2014. Effects of deer on forest herb layers. In Gilliam, F. S. 2014. The Herbaceous
Layer in Forests of Eastern North American, 2nd Ed. Oxford University Press. New York, New
York. 658 pp.
Walters, R.S. and H. W. Yawney. 1990. Acer rubrum L. Red Maple. In Burns, Russell M., and
Barbara H. Honkala, tech. coords. 1990. Silvics of North America: 2. Hardwoods. Agriculture
Handbook 654. USDA, Forest Service, Washington, DC. vol.2, 877 p.
Warburton, G.S., C. A. Harper, and K. Weeks. 2011. Conservation of early successional habitats
in the Appalachian Mountains: A manager’s perspective. In Greenberg, C. H., B. Collins, F. R.
Thompson III, and W. H. McNab. 2011. Sustaining young forest communities: Ecology and
management of early successional habitats in the Central Hardwood Region, USA. Springer
Science and Business Media. London, New York.
Wendel, G. W. 1975. Stump sprout growth and quality of several Appalachian hardwood species
after clearcutting. Res. Pap. NE-329. Upper Darby, PA: U.S. Department of Agriculture, Forest
Service, Northeastern Forest Experiment Station. Pp. 9.
Wood, G. W. 1974 Common spicebush. In Gill, J. D., Healy, W. M. compilers. 1974. Shrubs and
vines for northeastern wildlife. Gen Tech. Report. NE-9. Upper Darby, PA: USDA, Forest
Service, Northeastern Forest Experiment Station. pp 129-131.
Wu, J. M. Sperow, and J. Wang. 2010. Economic feasibility of a woody biomass-based ethanol
plant in Central Appalachia. Journal of Agricultural and Resources Economics. 35(3): 522-544.
Yarrow, G. 2009. Providing habitat needs for wildlife through forest and agricultural
management. Clemson Cooperative Extension, Extension of Forestry & Natural Resources.
Factsheet 24. Accessed online October 7, 2015:
www.clemson.edu/extension/natural_resources/wildlife/publications/pdfs/fs24_providing_habita
t_needs.pdf.
Yorks, T. E. and S. Dabydeen. 1999. Seasonal and successional understory vascular plant
diversity in second-growth hardwood clearcuts of western Maryland, USA. Forest Ecology and
Management. 119: 217-230.
Zerbe, J. I. 1991. Liquid fuels from wood – ethanol, methanol, diesel. World Resource Review.
3(4): 406-414.

84

APPENDIX

Table A - 1. Common names, scientific names, and abbreviations used for woody species sampled
within this study.

Abbrev.
BB
BC
BL
BO
CO
CUC
DWS
NRO
PC
RM
SAS
SPB
SS
SW
WA
WH
WO
YP

Common name
black birch
black cherry
black locust
black oak
chestnut oak
cucumbertree
devil’s walkingstick
northern red oak
pin cherry
red maple
sassafras
spicebush
staghorn sumac
sourwood
white ash
witch-hazel
white oak
yellow-poplar

Scientific name
Betula lenta L.
Prunus serotina Ehrh.
Robinia pseudoacacia L.
Quercus velutina Lam.
Quercus prinus L.
Magnolia acuminata (L.) L.
Aralia spinosa L.
Quercus rubra L.
Prunus pensylvanica L. f.
Acer rubrum L.
Sassafras albidum (Nutt.) Nees
Lindera benzoin (L.) Blume
Rhus typhina L.
Oxydendrum arboretum (L.) DC.
Fraxinus americana L.
Hamamelis virginiana L.
Quercus alba L.
Liriodendron tulipifera Aiton

85

Table A - 2. The total number of stumps with live sprouts for each species sampled among cut strip
widths.

Strip Width
8 ft 12 ft 16 ft
Species
10
3
20
black birch
55
97
91
black cherry
5
black locust
3
4
4
chestnut oak
1
cucumbertree
4
devil’s walkingstick
32
33
35
northern red oak
1
2
pin cherry
28
45
25
red maple
14
6
6
sassafras
10
31
69
spicebush
1
16
14
sourwood
4
21
white ask
1
34
witch-hazel
5
2
white oak
9
23
13
yellow-poplar
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a.)

b.)

Figure A - 1. An example of a.) cut strip and b.) residual strip with two cut strips on each side.
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Figure A - 2. Comparison of total monthly herbaceous biomass production for each species group from May through September within
cut strip widths.
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